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PREFACE 


T he testing of engines and engineering materials is one of the most 
interesting aspects of engineering work. It is also of vital import- 
ance, because it is only by observing the results of workshop and 
laboratory tests that the engineer can improve upon the work of his 
predecessors. 

Testing may, therefore, be regarded as the foundation upon which 
engineering progress is built. 

The present book gives a survey of the chief types of works’ tests 
which are employed in connection with the various branches of engineer- 
ing work. 

Chapter I deals with the testing of steam engines, and the interpreta- 
tion of indicator diagrams. The second chapter is devoted to the testing 
of engines of the Diesel and semi-Diesel type. In this connection, it 
may be observed that the same principles may be applied to any type of 
internal-combustion engine. 

As the testing of aero engines is of such outstanding importance at the 
present time, a special chapter has been devoted to this aspect. 

The testing of engineering materials, such as iron , steel, and non-ferrous 
metals, and also the testing of cements and concretes, form the subject 
of Chapter IV. Fuel and gas testing and the testing of lubricating fuel 
oils are dealt with in the concluding chapter. 

Whilst it is not claimed that every possible branch of engineering test- 
ing has been covered, it is felt that the information given in the following 
pages will amply meet the everyday requirements of engineers who are 
concerned with the routine testing of engineering plant and materials, 
as distinot from the highly specialised work of the testing laboratory. 

E. M. 
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Chapter I 

STEAM-ENGINE TESTING 

T he subject of this book is dealt with in three parts : (1) the testing 
of engines — steam, oil, and aeroplane engines, in that order ; 
(2) the testing of materials ; and (3) the testing of fuels and 
lubricating oils. 

The device used for testing steam engines is the steam-engine indicator 

The Object of the Indicator 

The object of the steam-engine indicator 4 fo provide a diagram 
showing the steam pressure in the engine cylinder at all positions of the 
piston. This diagram is of great importance to the engineer as it gives a 
complete record on paper of the events taking place in the cylinder, and it 
can therefore be used as a means for ensuring economy in running. This 
means a saving in steam and coal, low cost of repairs, and an increased life 
of the engine. , Some of the uses to which the indicator diagram is put are 
given on page 10. First, however, let us consider the instrument itself. 

The External Spring Type Indicator 

Steam-engine indicators vary in design according to their make and 
type, but for the purposes of this article it is proposed to consider the 
external spring indicator shown in Fig. 1. 

It consists of a piston and cylinder A connected by means of a cock 
to a tapped hole in the engine-cylmder wall. An air-cooled calibrated 
spring B (see also Fig. 3) is fitted to the piston rod so that the travel of the 
rod is proportional to the steam pressure acting on the piston, and this 
spring is made specially strong to reduce the piston travel, thus minimising 
the inertia effect which would otherwise tend to distort the diagram. 

To produce a diagram of readable proportions, the piston rod is fitted 
with a parallel motion C, or link gear, working on the pantograph principle, 
and reproducing exactly the movements of the piston but on a larger 
scale. One link D carries a pencil with which the diagram is drawn. 

The diagram paper is attached by clips to a reciprocating drum E 
(see also Fig. 2) which is connected through a stroke-reducing gear — 
referred to later-— to the. crosshead of the engine. In this way, every 
movement of the engine piston is reproduced exactly by an equivalent 
movement of the indicator drum but on a small scale, the size of diagram 
obtained being about 4| in. long and 2^ in. high. 
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S ' ig . 1. — The “ Dobbie-MoInnes ” extebnal spring steam- 
engine INGIOATOB 

A, piston and cylinder. B, spring. C, Knkgear. D, link- 
carrying pencil, E, drum. 



Wig . 2. — ^Eeoorbing 

DRUM 

Showing the spring 
for keeping the ooro 
taiit and for returning 
the drum during the 
back stroke. 



Fig . 8. — Indicator, 
spring MARKED “ 40 

Pressure of 40 lb, 
per sq. in. will raise 
indicator pencil 1 in. 


The indicator cock (Fig. 4) is two-way so that when the indicator is 
shut to the engine it is automatically opened to atmosphere ; also when 
the indicator is isolated , the engine or tail pipe is opened to atmosphere 
to allow for clearing away condensed steam. 

The Indicator Reducing Gear 

Owing to tne importance of using an accurate reducing gear to 
minimise errors of the diagram in a horizontal diieotion, illustrations of 
correct (Figs. 5 to 7) and incorrect gears (Figs. 8 and 9) are shown-— some 
diagrammatically. Fig. 5 shows the Dobbie-Mcinnes Wade ’’ gear, 
which is of the differential pulley* type. Since the gear is fitted to the 
indicator, and a cord taken directly from the engine crosshead to the hook 
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show on the left of the photograph, this gear is 
a very couTenient one. The lever-type gear 
(Eig. 6) is frequently used on marine engines and 
is fitted by the engine builder. Those who know 
the properties of “ similar triangles ” can verify 
that this gear is exact and that the movement 
of the indicator lead is proportional to that of 
the crosshead. Another gear having similar 
properties is shown in Fig. 7. 

Points which Apply to All Types of Gear 

It is difficult to name any one type of gear that can be used universally, 
as many factors such as space available, position of indicator relative to 
crosshead, engine speed, etc., require consideration. The following points 
should be observed, however, for all tyjjes of gear : 

1. The stroke reduction should bo such that the indicator drum 
rotates backwards and forwards without reaching either of its two stops. 

2. The motion of the indicator lead should always be proportional 
to that of the engine piston. 

3. There must be no play or slackness in the gear. 

4. The indicator lead should bo taut, as inelastic as possible, and 
free from kinks. 

6. Change-direction pulleys for the lead should be few in number, 
light, of comparatively large diameter, well lubricated, and not slack. 



Fig, 4. — Ini5icatob cock 

With lock-nut, so that 
it may be secured in any 
position* 


Preparation for Test 

Supiwse indicator dia- 
grams are required from a 
triple expansion marine 
steam engine. As there 
are three cylinders, three 
indicators and three re- 
ducirg gears are required. 

A reducing gear is 
therefore fitted to each 
oroBshead, and a copper 
pipe similar to that shown 
in Fig. 11 is led from the 
top and bottom of each 
cylinder to a change-over 
cock screwed to take the 
indicator cook. Thk en- 
ables a diagram to be 
taken of the steam ptes- 
suies above and helow 



Fig, 5.-*-Thb ” Dobbib-M'oInnks ’i* Wad® ” he- 

DVCIK<a OEAB FXXTED TO INDICATOB 

Cord is token direct from cros^ead to hook shovm 
on left* 
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Fig, 6. — Lever-type reducing gear 

The above type is frequently used in 
marine practice and is fitted by the engine 
builder. The movement of the indicator 
lead is proportional to that of the crosshead, 
this typo of gear being quite accurate. 



j ^ ig ^ 7.— Correct reducing gear of 

LEVER TYPE 


Gear having similar properties to that 
shown in Fig. 6. Movement of lead is 
proportional to movement of engine piston. 
Note the “ similar triangles ” made by 
position of the different levers. 



Fig, 8. — Fattlty reducing gear of lever 

TYPE 

This type of gear does not give an accur- 
ate diagram. The movement of the lead is 
not proportional to the movement of the 
engine piston. The path of the cord hook 
is curved. The use of such a gear should be 
avoided. 



Pig , 9. — Another faulty reducing gear 

OF THE LEVER TYPE 

Here again the movement of the load is 
not proportional to the movement of the 
engine piston. Note that the cord hook 
takes a curved path. It is very important 
that an accurate reducing gear be used in 
order to minimise errors of the diagram. 



Pig , 10. Set of diagrams from three cylinders of triple expansion marine engine 

The width of the diagrams represents a pistpn stroke of 39 in., and the strengths of 
the springs used are indicated by the scales of pressure shoTO alongside each card, the 
atmospheric lines representing zero. The atmospheric line is not shown on the high* 
pressure card, but its position is easily found from the pressure scale. 
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each of the three 
pistons of the 
engine without 
using six indica- 
tors, and the dia- 
gram from the 
top of e a c h 
cylinder is taken 
on the same card 
as that from the 
bottom and im- 
mediately after 
it. 

On screwing 
the instruments 



in position and il.— O hanqe-over cock and piping 

adjusting their • To enable one indicator to bo used for top and bottom of 
drumcord J)ul- cylinder. For vertical engines, the cock is of different pattern. 

leys, iridicaior 

cord, which is specially made for the purpose, is stretched from the re- 
ducing gears to the drum cords and suitable lengths are chosen so that 
each diagram shall be i)Ositioned midway along the diagram paper. 

The indicator pistons are removed, cleaned, and oiled, and each is 
fitted with a spring of such a strength that the particular maximum 
pressure will raise the pencil to a point on the diagram paper just below the 
toj) stop ; this ensures the largest possible diagram being obtained. On 
reassemblmg the pistons, the indicators are ready for test. 

It might be mentioned here that the strengths of indicator springs areen- 

graved on their heads. Fig. 3 
,C B shows a spring of strength 
^ 40 which means that a pres- 

Q J sure of 40 lb. i>er square inch 

/ on the indicator piston will 

/ raise the jpencti one inch. In 

y the indicator referred to 

above, such a spring will 
t allow pressures up to 90 lb. 

r My square inch to be re- 

corded, and this figure 90 

j I is also engraved on the spring 

Fig . 12. — ^Typicai. steam-engine diagbam heads. 

AB, admission line, BO, steam line. B, point ^ condensing engine, 

ofent-off, BE, expansion line. E, point of release, or for the L.P. cylinder of 

spheric line, part of the diagram is 
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below the atmospheric line, and a special light spring is used to allow 
for this. The markings of such a spring may be, say, ** 10,** that is : 10 lb. 
per square inch for every inch of pencil travel, and “ V 7,** that is : 
it may be used from a vacuum or from pressures below atmospheric 
up to a maximum of 7 lb,/sq. in. above atmospheric. 

Taking the Diagram 

By means of the indicator cock, the instrument is opened to atmo- 
sphere and the pencil is placed against the diagram paper. The drum 
cord is then pulled by hand to c&aw the atmospheric line from which 
pressure measurements are made. 

The cock handle is turned so that condensed steam can be cleared 
from the tail pipe which is afterwards put into communication with the 
indicator, the pencil meantime being removed from the drum while the 
cord is hooked to the lead from the gear. A short time is allowed for 
the steam to warm the indicator, and a diagram is tlien obtained. 

When a branch pipe is used (see Fig. 11), the process is repeated for 
the other end of the cylinder, thus obtaining a second diagram on the 
same card, the atmospheric line being common to both outlines. 

Fig. 12 illusirates the essential features of a steam-engine diagram. 
Steam is admitted to the cylinder at A and the pressure rises to B, the 
piston being on top dead centre. This causes the piston to move to 0, 
steam still entering. At C, the slide valve begins to close, the steam 
supply being completely cut olF at D. From D, the steam expands in the 
cylinder, driving the piston before it imtil at E the slide valve opens and 
allows the steam to escape to exhaust. The piston reaches the bottom 
centre and during the return stroke pushes the remainder of the spent 
steam through the exhaust port until at H the slide valve has closed. 
From H to A, what steam is left in the cylinder is compressed to the 
pressure at A, when the cycle is repeated. 

Uses of the Diagram 

The area of the diagram which represents the work done during the 
cycle is used for finding the indicated horse-power (I.H.P.) of the engine, 
that is : the power delivered by the steam in driving the engine itself and 
in j)ropelling the ship or the machines to which the engine may be coupled. 

The outline of the diagram, showing the positions of admission and 
release, the amount of initial, maximum, and back pressure, and the extent 
of compression and expansion, gives a good indication of correct or incor- 
rect valve setting which, if incorrect, may seriously increase consumption 
of steam and fuel without addition to the power output. 

Two other valuable calculations, using the indicator diagram, are made 
to find the efficiency of the engine : one is the determination of the hourly 
consumption of steam for every I.H.P. developed, and the other that of 
the mechanical efficiency (B.H,P, -r I.H.P.) which shows how much 
energy is necessary to overcome friction in the engine. 



Chapter II 

OIL-ENGINE TESTING 


N OW that compression ignition engines are being used for motor 
vehicles, and are being made to run at very high speeds, it is 
important, so far as indicators are concerned, to distinguish between 
engines of this type and those running at comparatively slow speeds, such 
as ships* main engines and auxiliaries and engines used for driving large 
electric generators. Each type has its own indicator, and the following 
chapter relates to the low-speed model. We shall now consider indicating, 
say, a ship’s main Diesel engine, the apparatus required consisting of the 
indicator, indicator valve, and reducing gear, all of which dijBFer from the 
corresponding units used for steam engines. 

The Indicator 

Fig. 1 shows a well-known type of Diesel engine indicator, and 
although it operates on a similar principle to the steam engine indicator, 
it has a number of features to suit the exacting conditions met with in 
compression ignition practice. Since cylinder pressures are much higher, 
the indicator is strengthened throughout, and while double — instead of 
single — coil springs are used to prevent the use of unnecessarily heavy 
spring wire, which would unduly stress the instrument, a piston of 
reduced area is fitted. This means that with the same engine pressure 
in the indicator cylinder, a spring of only half strength gives the same 
diagram height with a half-area piston and only half the force is felt by 
the piston rod. The piston, which is hardened and of heat-resisting steel, 
has grooves cut in its surface to collect carbon and other grit blown into 
the indicator cylinder by the engine gases. These channels also accom- 
modate lubricating oil. The recording drum allows for a diagram 2 in. 
high and 4 in. long. 

Other notable points include a double pulley for the cord, and a 
strong arch for protecting the parallel motion ; also the indicator is 
often fitted with spare cylhiders and pistons of still smaller areas and a 
** detent ” gear, so that the drum can be stopped for changing the 
diagram paper without unhooking the cord. 

Tbe Diesel Indicator Valve 

; When indicating a Diesel engine, it is found that if an ordinary 
indicator cock is sekure of the cock plug takes place owing to the 
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intense heat. 
Therefore a 
valve is used 
instead, and it 
is of special 
design, so that 
the indicator 
can be opened 
either to 
atmosphere 
for taking the 
atmospheric 
line or to the 
engine cylin- 
der, A con- 
venient type 
of valve is 
shown in Fig. 
2. This' has 
only one 
handle, is 
straight 
through 
(bends cause 
diagram inac- 
curacy), and is 
double-seated, 
so that when 
the engine is 
isolated, as 

Fig , 1, — “ Dobbie-McInnbs ” diesel engine indicatob shown in the 

illustration, 

the indicator is open to atmosphere, and when the spindle is screwed out- 
wards the upper seat comes into play, closing the atmospheric hole and 
opening the indicator to the engine. No stuffing box is required with tins 
valve, and as the spindle is screwed with a “ quick ” thread, the full 
movement can be accomplished in under two turns of the handle — more 
or less a flick of the wrist. 

Reducing Gears 

Unlike the steam engine, the Diesel has a camshaft which is not far 
from the indicating points. This shaft is therefore conveniently used fpr 
the reducing gears — the contrivances used to actuate each indicator drum 
so that the movement of the latter shall be a reduced-scale copy of the 
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motion of the particular 
engine piston. Before 
the gears are fitted, it 
must be remembered that 
the drums must be pulled 
forward and backward once 
while the respective pistons 
move from top centre to 
bottom centre and back 
again ; also that the two- 
cycle engine camshaft 
rotates once for every 
revolution of the crank- 
shaft and the four-cycle 
camshaft only half a 
turn per crankshaft revo- 
lution. 

Fig. 3 illustrates an 
eccentric type gear often 
fitted to the camshaft of a 
two-cycle engine ; it will be 
noted that it is really a 
small reproduction of the 
connecting rod and crank 
of the engine, and to obtain 
a correct diagram it is im- 
portant that : 



Fig. 2. — Dobbie-McInnes *’ diesel indicator 

VALVE, SHOWN CLOSED TO ENGINE AND INDICATOR 
OPENED TO ATMOSPHERE 


distan^ a _ lengt h of e ngine connecting rod 
distance b length of engine crank 


For a four-cycle engine a double-cam gear is frequently used (see Fig. 4). 


When constructing this type 
of gear it is insufficient merely 
to fit two semicircular cam pro- 
files on opposite sides of the 
shaft, even though they may be 
accurately set so that their peaks 
are under the rocker arm roller 
when the engine is on top dead 
centre ; the cam profiles must be 
accurately designed to allow for 
what is known as the eccen- 



tricity of the connecting rod. No 
allowance need be made for this 
when fitting a reducing gear to 


Fig, 3. — Eccentric type gear 

a/b must equal engine connecting rod to 
crank ratio* 
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SPRtHa«LOAO&D ROCXeR ARM 



length or 
DIAGRAM 


CAMSHAFT OF 
4><CYCLE EHStNE 


INDICATOR LEAD 

Fig, 4.— Cam TirpE geab 
Cam profiles must be accurately designed. 
Rocker arms shown of equal length. 


LCAO FROM GEAR 


STIFF SPRING 



DRUM CORO INDICATOR 

Fig. 5. —Method orcoNNKcriNO indicator 
Stiff spring relieves indicator drum spring 
from necessity of keeping lead taut. 



Fig. 6 . — Four-cyclr engine indicator dia- 
gram WITH HAND-OPERATED DRAW DIAGRAM 
ON SAME CARD 



AIR tNTANS UHK 


Fig. 7. — Foxm-CYCLE engine t^oht spring 
DIAGRAM MAGNUTTING TEm EVENTS DURING 
THE TWO ** IDLE STROKES 


an engine cross head, but we 
are now dealing with a rotary 
part between which and the 
piston the connecting rod and 
crank intervene. 

Connecting up the Reducing 
Gear 

If reducing gears have not 
been fitted by the engine 
builders, this must be done in 
accordance with the above, and 
the gC/ars must be set so that 
the points to which the indi- 
cator leads are to be attached 
will move in phase with the 
respective pistons. Indicators 
and valves are then screwed 
into the cylinder tail pipes, 
which should he of large bore 
and as straight as possible. A 
lead made of indicator cord, 
steel tape, or wire is stretched 
between the hook or ring on 
each gear by a strong spring 
to a fixed pin on the engine, 
the spring being used to keep 
the lead taut — see Fig. 6— and 
the lead should be taken as 
near to the indicator as pos* 
sible, with the pin preferably 
beyond it. A loop is made in 
the lead or attached to it for 
the indicator cord hook. 

Setting the Drum Cord 

Any one piston is put on top 
centre, at which point the indi- 
cator lead will be at the end of 
its stroke. The drum cord is 
lengthened or shortened until, 
when hooked to the loop, the 
drum is clear of the stop. On 
slowly turning Hie engine one 
revototion, the drum should 
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rotate for- 
wards and 
backwards 
w*i t bout 
re ach ing 
either stop. 

Indicator 
Spring 
After 
cleaning and 
oiling the 
i n d i,c a 1 0 r 
piston, a 
pressure 
spring is 
chosen for 
the instru- 
ment, from a 
knowledge of 
the maxi- 
mum engine 
pressure, to 
give the re- 
quisite dia- 
gram height. 
On reas- 
sembly, the 
instrument is 



ready for the 
test, the 
drum cord 
being un- 


Fig . 8. — “ Dobbik-McIknss ” cobtimcous time base ouobam diesei. 

niDICATOB 

(Diagram can be seen on indicator chart) 


hooked, the valve shut to the engine, and a diagram card placed on the 
drum. 


The Te»t 

When engine conditions are readied for which indicator dia gr ams are 
required, the drum cord is hooked to the loop to set the drum in motion. 
The valve is opened to the indicator, the pencil of which is lightly put in 
contact with the paper for one cycle and withdrawn. The valve is shut 
and the pencil is again applied to draw the atmospheric line. Since there 
is no condensation to cle^ ftway, as in the steam engine, the valve should 
always be diut, except when actually taking the card. 
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DIESEL ENGINE DIAGRAMS 

Five important types are 
shown in Figs, 6 to 11/which are 
copies of actual diagrams obtained 
from large six- and eight-cylinder 
marine engines. 


Fig . 9. — Compression diaqram taxen with 

FUEL SHUT-OFF TO CYLINDER BEING 
INDICATED 


Four-cycle Engine P.V. Power 
Diagram 

Fig. 6 illustrates the type of 
diagram obtained as described 
above. It will be noticed that at the peak, where firing takes place, the 
diagram is very narrow, because the indicator drum is at the end of its travel 
and is moving very slowly. To investigate what is happening during 
combustion a draw diagram is taken ; the most important part of this is 
shown on the right of the pressure-volume diagram, and is obtained by 
pulling the indicator drum cord by hand as the pencil rises and falls. The 
point at which firing begins is clearly shown, and the height of the outline 
at this point gives the compression pressure. AL is the atmospheric 
line common to both diagrams. 


Four-cycle Engine Light Spring Diagram 

To examine events during exhaust and intake, it is necessary to 
magnify the bottom of the diagram which appears in Fig. 6 as straight 
lines coincident with the atmospheric line. A light spring is therefore 
fitted to the indicator and the result is shown in Fig. 7. 


Crank-angle Base Diagram 

Since the shape of the peak of a Diesel diagram is of such importance, 
means are often provided to give a mechanically operated draw card, so 
that the diagram has a form similar to the draw diagram shown in 
Fig. 6, but can be calibrated horizontally as well as vertically. Such 
a diagram is shown in Fig. 8 — the crank-angle base diagram, where 



Fig, 10. — ^Diesel engine diagrams from continuous diagram hHtdioator 

Horizontal line at bottom is drawn by a second pencil and may be made coincident 
wit& atmospheric Hne as shown in Fig. XL Engine running on full load. 
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horiz o n t a 1 
measurements 
represent not 
piston stroke or 
volume, but de- 
grees turned 
through by the 
crankshaft. It 
is obtained on a 
continuous roll 
of paper driven 
by a spindle 
coupled to the 
camshaft, the 
special instru- 
ment used being 
** Dobbie-Mcinnes ” 



Fig ^ 11. — Diesel engine diagrams from continuous diagram 

INDICATOR, TAKEN DTOING STARTING AND STOPPING 

1. Air impulse (pressure carried nearly full length of stroke). 
2. Firing lightly, 3. Firing (ignition late). 4. Firing heavily 
(handles hard over). 5. Full power (fuel being shut off). 6. Fuel 
being shut off. 7. Fuel off (almost a compression card — engine 
nearly stopped). 


the 
con- 
tinuous time-base diagram 
Diesel indicator. 


Compression Diagram 

This is obtained by 
shutting off the fuel from 
the cylinder being indi- 
cated and is used to test 
the setting and accuracy 
of the indicator gear. Its 
correct shape is as shown 
in Fig. 9, with compres- 
sion and expansion lines 
apparently coincident. 
Should it be looped, the 
gear requires adjustment. 

Continuous Diagrams 

It is sometimes of value 
to study changes in the 
form of the diagram under 
varying conditions. For 
this purpose the con- 
tinuous-diagram indicator 
is used and gives a com- 
plete record of consecutive 
diagrams on the same 
paper. A roll of paper is 



Fig^ 12. — Diagram showing late fuel injection 
Compare with Fig. 6, 



Fig* 13. — The ** mean ordinate ” method of mea- 
suring UP the diagram fob calculation op 

M.I.P. AND I.H.P. 

(M.I.P. of this diagram is 90 lb. per sq. in.) 
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used, which is wound 
from a spindle inside 
the drum round the 
periphery of the drum 
and back to a second 
internal spindle. Move- 
ment of the paper with 
respect to the drum 
occurs automatically 
during the intake or 
exhaust stroke, and 
therefore does not in- 
terfere with the form of 
the diagram, which is 
the normal p.v. diagram repeated. Fig. 10 shows continuous diagrams 
from a four-cycle Diesel engine running at full load. Fig. 11 illustrates 
the pressure and power changes while the engine starts up and stops. 
It should be noted that Figs. 10 and 11 are tracings of the originals, 
and that in Fig. 11 the toes of diagrams 2 to 7 have been omitted, as in 
this particular test only the peaks were under consideration. 

Engine Faults ^ 

To obtain maximum economy in running, and to ensure there are no 
undue strains on the engine, it is essential that valves should open and 
close at the correct points of the cycle and that combustion should be even. 
Valve setting is checked by examination of the indicator diagram, which 
also shows such faults as choked atomisers, early or late firing, over- and 
under-loading of the engine. Fig. 12 shows an example of late firing. 
Note the dip at the top of the draw card and the low maximum pressure 
as compared with the compression pressure ; such conditions prevent 
the particular cylinder from giving full power and efficiency. 

MEASUREMENT OF M.I.P. AND I.H.P, 

The mean indicated pressure, sometimes called indicated mean 
efiFective pressure — I.M.E.P. — can he found by the planimeter, an instru- 
ment for measuring areas, or by the following simple method : 

Referring to Fig. 13, draw a straight line perpendicular to the atmo- 
spheric line AL at each end of the diagram AB and LM and divide 
the distance between the perpendiculars into 10 equal parts, A-1, 1-2, 
2-3, etc. At the midpoint of each division draw 10 straight lines, oa, 
bb, cc, etc., also perpendicular to the atmospheric line. Find the total 
length of those parts of oa, 66, cc, etc., contained by the diagram, multiply 
by the pressure scale of the diagram, and, by ffi^viding by 10, average 
the result to give the required mean pressure. For example, if the totm 
length of the ‘‘ mean ordinates ” were found to be 2*60 in*, and the 



Fig. 14 . — Setting the no. 6 pi.animetee to the diagbam 

WIDTH 



OIL-ENGINE TESTING 


19 


indicator spring scale was 360 lb./ 
sq, in. per inch, then : 

' nff T T» 2-60 X 360 

MXP.- Jo 

= 90 Ib./sq. in. 

I.H.P. is obtained from the 
M.I.P. thus found by multiplying 
it by the product of the stroke in 
feet L, the cylinder area in square 
inches A and the number of working 
strokes per minute N, dividing the 
result by 33,000, i.e. : 

T XT p M.I.P. X L X A X N 

337000 

per cylinder. 

For a two-cycle engine N is the 
same as the number of revolutions 
per minute ; for a four-cycle engine 
N is half the r.p.m., as there is 
only one working stroke every two 
revolutions. 

Use of the Planimeter 

The above method of deter- 
mining M.I.P., while frequently 
used, is not as accurate theoretically 
as one which enables the diagram 
area to be determined, thus eliminat- 
ing calculation by mid-ordinates. 
The Amsler No. 6 planimeter 
shown in Figs. 14 and 15 measures 
the actual area of the diagram, and 
it has, in addition, an arrangement 
for finding the mean height. 

Thus, a small variation at the 
peak of the card, which would 
not be taken into account by 
the mid-ordinate method, would 
be shown in the result obtained 
by the planimeter. 

The diagram card is pinned to 
a drawing-boani, and, as shown in 
Fig, 14, the planimeter is reversed. 



Fig. 15. — DoBBXB'McIkNES ” “ AMSLEB ” KO. 6 PI.ANIKETirK for HEASUBINQ MJC.F. and I.H.P indicator DlAOl 
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By moving the slide on the tracing arm, the planimeter is set 
so that the distance between the points on the upper side of the 
arm is equal to the width of the diagram. Without altering this 
distance, the planimeter. Fig. 15, is placed on the board in a convenient 
position with the needle point E outside the diagram and the pointer F 
resting on the outline of the diagram. An initial reading is taken on the 
dials G and D. Without disturbing E, the pointer F is carefully traced 
round the diagram, following every feature of the curve until one com- 
plete circuit is made. The final reading is taken, and the initial reading 
subtracted from it. Dividing the result by 0*4 gives the mean height in 
inches, which, when multiplied by the scale of the indicator spring, gives 
the M.I.P. from which I.H.P. is found in the usual way. 

Example : 

Second reading of Planimeter .... 1*784 

First reading of Planimeter .... 1 *682 

Difference ....... 0*102 


Divide by 0*4 . 0*256 in. 

Mean Height. 

If scale of spring is 360 Ib./sq. in. per inch, 

M.I.P. = 0*255 X 360 
= 91*8 Ib./sq. in. 


It is now an easy matter to calculate the indicated horse-power of 

XI. • U ■ XU f 1 TTTTJ M.I.P. X Lx AxN , . 

the engmc by using the formula I.H.P. = 'SS'OOO ’ 


in mind that the formula gives the horse-power of one cylinder only. 
The total I.H.P. of a 4-cylinder engine, for example, would be four times 
the value given by the formula. 



Chapter III 

TESTING AERO ENGINES 

I T is not intended in this chapter to deal with the comj)licatcd and exten- 
sive testing carried out on a new engine during its development, but 
rather to commence at the j)eriod when it is considered that its perform- 
ance has reached a sulficiently high standard that it may be submitted 
to an official type test. Since all nmdern high-])erformance engines are 
supercharged in some form or other, it is intended to refer })articularly 
to this type. It is also intended to describe the endurance and final tests 
constituting the acceptance tests of a series cngiiie. 

The decision to carry out an official type test is made only after very 
careful consideration of the engine’s power output at various engine speeds 
and blower delivery j>ressures both under ground-level and altitude 
conditions. Its reliability at climbing and economical cruising speeds 
and boosts must be such that a life of 400 to 500 houi’s between overhauls 
may be reasonably expected under actual service conditions. A very 
high standard of consistency in starting under cold and warm atmo- 
spheric conditions must have been attained and the slow running and 
acceleration must have given entire satisfaction under every conceivable 
condition likely to be attained in service. 

Testing a radial air-cooled engine has been taken as a typical example 
in this chapter. 

Rating of the Engine 

During the experimental development of the engine a series of per- 
formance curves are completed at various r.p.m., ranging from 20 j)er cent, 
below normal to 20 per cent, above, at various blower delivery pressures. 
These curves are termed constant boost curves, and are carried out at 
various fuel consumptions from which suitable tuning figures are decided. 

The boost pressures for the desired sea-levek ratings at take-off, 
maximum climb, and maximum cruising conditions are decided from 
these results, and even the altitude at which rated boost is attained is 
determined by bench test. 

In Fig. 1 the complete “ family ” of curves for preparing the main 
items of the engine rating is shown. The data are taken from results on 
the Bristol Mercury VIII, which is a fully supercharged engine with an 
offifJial all-out level performance of 840 b.h.p. at 2,750 r.p.m. at 14,000 ft., 
and an international rating of 795/825 b.h.p. at 2,650 r.p.m. at 13,000 ft. 

Curve ab represents the power output at various r.p.m. at maximum 
cruising boost at sea-level and indicates the limiting performance available 
at speeds not exceeding maximum cruising r.p.m. for continuous level 
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VIII 


flight. At speeds 
above maximum 
cruising r.p.m.the 
jxDwer is available 
for periods of 5 
minutes in level 
flight. 

The higher 
power output con- 
stant boost curve 
cd denotes the per- 
formance avail- 
able at sea-level 
for climbing at 
maximum boost. 
At this condition 
the limiting speed 
is the international 
r.p.m. which for 
the Mercury VIII 
engine is 10 per 
cent, above the 
maximum cruising 
r.p.m. The engine 
may be climbed at 
this speed for any 
desired time, theie 
being no limiting 
period of 5 minutes 
so long as the aero- 
plane is climbing. 


In the case of the Mercury VIII the maximum climbing boost is also 
the maximum take-off boost. It is not essential that these two boosts 


should be the same, for on moderately supercharged types a further 
increment in boost is used for take-off, and. for some engines this is the 
maximum blower delivery pressure available with the throttle fully opeh. 

The maximum boost is also available on the majority of engines for 
all-out level flying, usually up to a speed of 15 per. cent, above the maxi- 
mum cruising r.p.m. For the Mercury VIII this speed is 2,760 r.p.m., 
and it is available for short bursts of not more than 5 minutes’ duration. 
This limiting period of 5 minutes is an Air Ministry requirement which 
must be adhered to in service. 

The third curve e/is based on the power output of the engine if run at 
full throttle at all speeds at the international rated height. The boost 
pressures on the curve vary with the r.p.m., for whereas the 
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34-0 

330 

BOO 


700 


660 


: 600 
) 

S80 


S30 

SCO 


400 


curves mentioned in 
the previous para- 
graphs are taken with 
varied throttle open- 
ings and constant 
boost, the latter 
curve is taken with 
fixed throttle open- 
ing with the boost 
pressiires varying 
with the volumetric 
etficiency of the 
cylinders and the 
efficiency of the 
blower at the various 
engine speeds. 

From this 
“ family ’’ of curves 
the performance data 
shown in Fig. 2 is 
prepared. This in- 
dicates the power 
available on the 
Mercury VIII at 
cruising, climbing, 
and all-out level con- 
ditions at various 
speeds and altitudes. 

The straight lines 
indicate the power 
available at constant 
boost, gradually in- 
creasing with altitude 
due to the lower tem- 
perature and exhaust 
back pressure, and the curved lines show the fall-off in power experienced 
with increase in altitude once the full throttle position has been reached. 

From curves similar to those shown in Figs. 1 and 2, the necessary 
information required for the preparation of a “ Declaration of Type Test,’’ 
which must be sent to the Air Ministry before the test commences, can be 
obtained. 
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Based on results shown in Fig. 1. 


Definitions 

The reader may not bo familiar with the various terms employed in 
defining the rating and the following explanation will be of assistance. 
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1. When rating an engine the declared maximum climbing r.p.m. is 
the international r.p.m. 

2. The maximum climbing boost is the international or rated boost. 

3. The rated altitude of the engine is the lowest height at which full 
throttle is permissible at the international r.p.m. and is also the highest 
altitude at which the international or rated boost can be maintained at 
the inteniational r.p.m. 

4. The rated power is the coiTected b.h.p. attained at the rated 
altitude at the international r.p.m. 

5. The maximum cruising boost is the maximum boost available for 
continuous level flying. The cori'ected sea-level power at this boost 
may not be less than 90 per cent, of the power at sea-level at the maximum 
boost pressure for level flight at the maximum cruising r.p.m. 

6. The maximum climbing boost must not exceed the maximum 
boost for level flight, but the maximum boost for take-off may be higher 
than the climbing boost. In actual service the use of a take-off boost 
higher than the climbing boost is limited to a duration of three minutes or 
until a height of about 1,000 ft. is reached. 

7. The international or maximum climbing r.p.m. is the highest 
cranksiiaft r.p.m. that may be maintained continuous^ for periods 
exceeding 5 minutes’ duration. 

8. The maximum r.p.m. for level flight is the number of crankshaft 
r.p.m. which must not be exceeded, excepting momentarily during a 
dive or aerobatic, or maintained for periods exceeding 5 minutes. 

9. The maximum r.p.m. for continuous cruising may not be greater 
than 50 r.p.m. below the maximum for all-out level flight, btit must 
not be less than 85 per cent, of the maxiimim for level flight. 

10. The maximum take-off r.p.m. are declared by the engine con- 
structor. In the majority of instances where V.P. airscrews are fitted 
this is 10 or 15 per cent, above the maximum cruising r.p.m., but may 
be even higher. 

The minimum r.p.m. for take-off is declared by the engine con- 
structor, but for type test conditions the endurance portion of the test to 
clear the use of fixed pitch airscrews the r.p.m. are determined from the 
formula : _ 

r.p.m. =0-95 /y/^N. 

Where N = 0-87 of the maximum r.p.m. for level flight. 

a = b.h.p. at maximum take-off boost at N r.p.m. 
b = calculated equivalent full throttle b.h.p. at sea-level at N 
r.p.m. 

Preliminary Tests 

Running-in. When the constructor is satisfied that the engine fulfils 
aU the rating conditions, preparations are made for the type test. When- 
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Fig. 3, — Tytioai. bunning-in stand 



Fig. 3a.— Diaokam or btoninq-in stand 
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Fig. 4. — Diaqbam ov runnino-in shop oh-pipb uses 


ever possible a new engine is allocated similar in aU respects to the one 
which has been used for the development test. 

During the erection of the engine the various comjwnents are liberally 
lubricated with oil, and although every precaution is taken to exclude 
dust and other foreign matter it is considered advisable to run it in for 
five hours, and dxiring this period it is copiously supplied with oil which is 
being continually centrifuged. 

The running-in stand is of the type shown in Fig. 3. The electric 
motors are capable of developing 30 h.p., and rotate at 1,600 r.p.m., but 
the speed of the engine airscrew shaft is reduced to 460-600 r.p.m., by 
means of an epicycle-reduction gear. The centre line of the engine is 
not in the same vertical plane as the electric motor shaft. 

No sparking plugs are fitted to the engine, and in their places are 
fitted suitable blanks with wire gauze covers. Consequently while the 
engine is being run-in, there is little or no compression, and therefore 
very little heat generated. A fan, however, is attached to the flexible 
coupling flange on the shafting driving the airscrew shaft. This fan is 
quite capable of dealing with the small amount of heat generated, and 
also assists in blowing away the oil vapour as it leaves the exhaust snouts. 

Fig. 4 shows diagrammatically the oil pipe lines of a “ running-in ” 
shop. The oil is stored in the large gravity tank fitted with electric heater 
elements and is led to the pressure pump as indicated by the arrows. 
The used oil is drawn from the engine sump by the engine’s own scavenge 
pump and delivered to the return pipe line. The oil is taken from thw 
line by an independently driven pump and delivered to a small header 
tank from which it is fed to a series of centrifugers. Aft^ being purified 
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it is returned to the largo gravity tank by a second independent auxiliary 
pujtnp. This completes its circuit. 

Endurance Test. After being run in for 6 hours with the oil inlet at 
about 50° C. and the pressure 80 Ib./sq. in., the engine is transferred to 
a dynamometer test stand. It could, of course, be arranged for the 
engine to be run-in on the dynamometer, but this is rather an elaborate 
plant for such a task and would prove very uneconomical. 

The most common form of dynamometer in use in England is the 
Heenan & Froude DPX. A sectional drawing of the layout of this type 
of dynamometer is shown in Pig. 6. 

It is necessary when testing air-cooled engines to conduct the cooling 
air from a fan via a tunnel to keep the cylinder and crankcase tempera- 
tures within reasonable limits, compatible with those attained in actual 
service. The fan is of the centrifugal tjqie driven by a 550-h.p. D.O. elec- 
tric motor and the tunnel is approximately 5 ft. in diameter. As will be 
seen from the diagram, the tunnel is led over the brake itself (|own to the 
engine mounting. The front or outlet portion consists of a canvas exten- 
sion supported on metal framework which can be moved backward or 
forward to facilitate the fitting of the flexible coupling, which connects 
the airscrew shaft to the dynamometer shaft, for the latter passes through 
the tunnel to the brake. 

The fan is capable of supplying wind speed of 170 m.p.h. over the 
engine, but for general testing only 110-120 m.p.h. is used. For low 
wind speeds, say below 70 m.p.h., not attainable by adjustment of the 
motor resistance, a shutter or damper is fitted in the tunnel with the aid 
of which the cooling air supply can be restricted. 


Erection of Engine on the Dynamometer 

The erection of the engine on the dynamometer can be accomplished 
in a very short time as it is attached to a temporary steel mounting plate 
when it is built in the shops, and this plate is secured to the test cradle 
by only four studs and nuts. The cradle is mounted on a trunnion at 
the rear end and is supported on large steel rollers at the front. The 
front of the cradle is spring loaded to allow the cradle to give a little on 
starting and for sudden changes in speed, thus avoiding undue stressing. 

While one tester prepares the various oil inlet, scavenge, return, and 
by-pass pipes and the various gauge connections, another prepares the 
airscrew shaft for the flexible coupling connection. The splines of the 
shaft are first smeared with a graphite grease mixture and a flanged 
hollow shaft having internal splines is then secured in its correct position, 
which is indicated by the master spline having a greater width than the 
others. The flange is then secured to the flexible coupling flange by six 
boHs, the two flanges being brought together by moving the engine and 
test cradle bothily with the aid of a hand-operated ratchet fitted to the 
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bed of the cradle which operates a toothed wheel working on a rack on 
the side of the dynamometer foundation girders. 

The various pipes, such as the oil inlet, scavenge, return, and by-pass, 
the inlet and outlet petrol pipes from an auxiliary tank to the petrol 
pump and the fuel supjdy pipe from the flowmeters to the carburettor are 
then connected. The gauges on the instrument board recording sxich 
items as the oil pressure, oil inlet, outlet and siimi) tem]>eratures, air 
intake temperature, blower delivery pressure, engine crankshaft r.p.m. 
are linked uy) to their appropriate positions. 

The stand controls for the throttle and mixture strength are made 
universally adjustable so as to be ada])ta1)le to tm' various angular 
movements recpiired on the different tyjK^s of engines being ])roduced. 
The controls are operated by levers on the instnnntmt board via hollow 
8t(‘el tubes. 

Finally the ignition leads to the two magnetos are connected to the 
two switches and the engine is jmmed with 1 (yuart- of hot mineral oil 
via the oil-yiressure connection with the aid of an auxiliary hand pump 
attached to the test cradle. 

Preliminary Operation by Electric Motor 

Before the engine is run under its own ])Ower it is motored over for 
a quarter of an hour by means of an electric motor, the shaft of which 
engages with the main dynamometer shaft via a dog clutch. This motor 
is also used for starting, the clutch being automatically thrown out of 
operation as soon as the engine airscrew-shaft syieed is greater than that 
of the electric motor. 

The Engine is best run in under Light Load 

On the completion of the quarter of an hour the flowratders are 
turned on and the engine switched on and run under light load and low 
speed, say about 800 engine r.yi.m. for a yieriod of one hour. During this 
period some slight alteration to the slow-running adjustment screws may 
be necessary. This, of course, is only a preliminary adjustment, and can 
be gauged quite satisfactorily by observation of the exhaust flame which 
should be light blue in colour. 

Endurance Test Condition 

The next stage is a period of half an hour during which the brake 
load and enguie speed are gradually increased until the endurance test 
condition is reached. The endurance test is commenced in the presence 
of the firm’s own inspector, and in the case of engines for the Air Ministry, 
a representative of the A.I.D. 

The oil-inlet temperature is maintained at 70° 0. with a tolerance of 
— 6° 0., throughout the endurance test and forms the basic condition 
on which the oil consumption and circulation are determined. The 
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temperature of the oil is controlled by means of eleotrio-heater elements 
and cold-water circulating pipes fitted in the oil tank. 

Reading of all Gauges are now Taken 

As soon as the endurance commences the readings of the various 
gauges previously mentioned are recorded, together with the reading of 
the amotmt of oil in the tank. Relevant data such as the barometric 
pressure and atmospheric temperature are also logged. All readings are 
logged once every quarter of an hour, but of course the instruments are 
under continual observation throughout the test. 

The endurance test is run at maximum cruising boost and maximum 
cruising r.p.m. For the Mercury VIII these conditions are + lb./ 
sq. in. and 2,400 r.p.m., the engine developing approximately 036 b.h.p. 
The boost pressure is measured by means of a mercury “ U ” tube, one 
end of which is open to atmospheric pressure and the other connected to 
the blower casing at a point near the periphery of the diffuser blades. 
At the top of this latter limb is fitted a small cylindrical copixjr vessel 
which acts as a trap and prevents any mercury being drawn into the 
engine under large depressions. 

Setting the Boost Control 

It is important when setting the boost control to take into considera- 
tion the barometric pressure at the time of the test, for the engine is to 
be run at a correct boost pressure. For example, the 2| lb. cruising 
boost pressure of the Mercury VIII would be represented by 6*1 in. of 
mercury (1 Ib./sq. in. = 2-04 in. Hg.) only if the barometric pressiire was 
standard. If, however, the barometric pressure was 29-35 in. Hg., then 
the following preliminary calculation would have to be made : 

Standard barometric pressure . . . . = 29-92 in. Hg. 

Boost pressure, 2J lb. . . . . ' . = 5-1 ,, „ 

Absolute pressure required . . . . s= 36-02 „ ,, 

Actual barometric pressure . . . . = 29-36 ,, ,, 

.-. Required pressure to be recorded on mercury 

“U”tube = 6-67 „ „ 

Oil-consumption Limits 

The oil-consumption limits on the Mercury VIII are 6-12 pints /hour, 
and all engines must have a consumption within this figure during the 
second half of the two-hour endurance test. On the completion of the 
second hour a further 6 minutes is run at the international r.p.m., i.e., 
maximum climbing speed and maximum climbing boost. For the 
Mercury VIII this condition is 2,660 r.p.m. and 6 lb. boost. The boost 
is automatically increased by moving the mixture-control lever into the 
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over-tide position. This oi)erates a cam in contact with the boost-control 
diaphragm mechanism and at the same time increases the fuel consump- 
tion to prevent detonation at the increased boost. The maximum boost 
is adjusted by lengthening or shortening the oi)erating rod from the 
mixture control to the cam mechanism. This rod has left- and right-hand 
threaded ends for this purpose. 

Checking Boost Control 

Usually one or two intentional backfires are produced with the boost 
control set correctly to give the required cruising boost, to ensure that the 
boost control has definitely settled down. The boost pressure is rechecked 
after each backfire and if any variation is observed the boost control is 
reset and the procedure repeated. 

Completion of the Test 

This concludes the first running j)eriocl of the engine’s life, but before 
it is removed from the stand the sump filter is removed for examination 
and a careful inspection is made for oil leaks. All items which require 
attention are entered on a card which accompanies the engine all the time 
it is in the works and which serves as a brief synopsis of its test history. 

On being returned to the shop, the engine is entirely stripped doAvn 
and the components laid out on tables for a rigid inspection. It is outside 
the scope of this chapter to deal with the procedure adopted in the erecting 
and stripping shops, or to describe the many and varied types of appa- 
ratus employed. If, however, all parts are found to be in a satisfactory 
condition the main components of a type test engine are carefully 
dimensionally checked for record purposes and for comparison with the 
strip condition at the end of the test. 

Final Acceptance Test 

When received by the Test Department, the engine is erected on a 
dynamometer and is motored over for a period of a quarter-hour after 
being primed with hot oil as on the endurance test. For a further period 
of a quarter-hour it is run at low load and speed followed by a third and 
similar period dming which the load and speed are gradually increased 
to the maximum cruising conditions. 

With the brake locked at this condition the throttle is then closed to 
bring the engine speed down to slow-running conditions and the fuel-air 
mixture is adjusted to give even and consistent running. The brake and 
throttle are then set to a predetermined cruising figure at which the fuel- 
power jet should be just out of operation. This is checked by fitting a 
blank power jet and noting the fuel consumption and then replacing the 
correct jet. Jf any increase in fuel consumption occurs, the cam operating 
the power- jet valve is adjusted to lift the valve at a slightly larger throttle 
opening. 
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With a slight increase of, say, 20 h.p., the power jet just comes into 
operation and serves to correct the tendency of the main jets to weaken 
off the fuel consumption. The valve controlling the fuel supply to the 
power.Jet has a very gradual tapered seat, and since the cam operating 
the valve is fixed to the carburettor throttle layshaft fiu’ther advance of 
the throttle lever depresses the valve still further and increases the fuel 
consumption gradually with the increase in power until at maximum 
cruising boost the ]>ower jet becomes the controlling factor and is cali- 
brated to give the desired consumption. 

The carburettor layshaft throttle lever is now iii its fully advanced 
position and the actual throttle butterfly position is controlled by the 
boost control. A further increase in jK>wer is attained, however, by 
moving the mixture control into the over-ride position ; this brings into 
operation an enrichment jet which is calibrated to give the desired fuel 
consumption at maximum boost. 

The fuel consumption is therefore checked at five points : (a) slow 
running, (b) low cruising power, jiower jet just out, (c) powder jet just in, 
{d) maximum cruising power, jet fully in, (e) maximum boost enrichment 
jet in operation. 

The half-hour final test is run at the same conditions as the endurance 
test, namely, maximum cruising boost and r.p.m., and similar readings 
to those already enumerated are recorded. 

Throttle Opening and Mixture-control Units are Next Checked 

On the completion of the half-hour the units controlling the throttle 
opening and the mixture are checked for correct functioning. When 
the boost control w^as first introduced on Bristol engines the boost 
setting was a negative value of approximately— 1 Ib./sq. in., and if the 
connecting pipe from the blower volute to the boost-control diaphragm 
casing broke while an aeroplane was flying at low altitude then atmo- 
spheric pressure would be admitted to the diaphragm chamber. This 
^pressure might be higher than the original setting of the control, with the 
result that the throttle would tend to close, even though the pilot’s 
cockpit throttle lever w^as fuUy open. 

In order to prevent this rare failure from causing a forced landing 
due to lack of engine power, a stop was fitted to the boost-control piston 
which prevented the throttle from being completely shut when the cockpit 
throttle was fully open. Modern engines are of course set at much higher 
blower delivery pressure, and a fracture of the boost pipe would admit 
a lower pressure than the pressure at which the boost control was set 
and the throttle would tend to open still further, which of course the pilot 
could counteract by “ throttling back.” 

However, this stop has been retained as a safeguard, and ensures 
that the pilot will always have sufficient power to maintain height in 
the event of a failure of any description of the boost control. On the 
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Fig, 6. — Engine on test for altitude curve 


Mercury VIII engines tlie length of the stop ensures a power of 350 h.i). 
always being available. 

Minimum Power on all Engines is now Checked 

This minimum power is checked on all engines and is accomplished 
by screwing back the diaphragm-adjusting screw to almost its full extent 
or, in other words, setting the boost control to an extremely low boost. 
The carburettor throttle layshaft lever is advanced to its full open position, 
the boost-control piston travels to the bottom of its travel in attempting 
to close the tlirottle. The travel, however, is limited by the stop and the 
power output is noted at normal r.p.m., and if too low a longer stop is 
fitted. 

Checking the Range of the Mixture Control 

The range of the mixture control is checked by noting the percentage 
reduction in the fuel consumption w^hen the control is moved from the 
normal to the fully weak setting with the engine rvmning at maximum 
cruising r.p.m. and boost. Obviously the engine cannot run at the full 
weak position under sea-level conditions, so an auxiliary fuel supply is 

IV— 3 
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fed into the air intake. While the mixture control is operated gradually 
towards the weak position the auxiliary supply is incjieased so that the 
total fuel consumption is maintained constant although the amount 
passing through the carburettor via the flowmeters gets less and less. 
From the difference of the readings of the flowmeters in the normal and 
weak positions the percentage mixture control can be deduced. The 
minimum range accepted by the Air Ministry is 40 per cent. 

Type Test 

Initial Performance Curves. Prior to commencing the endurance 
portion of the type test, a series of constant-boost curves, a throttle- 
consumption curve, and a full-throttle altitude curve are completed. 

The constant-boost curves are required to be completed at maximum 
cruising, maximum climbing, and maximum take-off boosts. The carbu- 
rettor layshaft lever is set to give the maximum cruising boost and remains 
locked in this position while the r.p.m. are varied over a range of speeds 
from 15 per cent, above the maximum cruising r.p.m. Readings are 
taken of load, fuel consumption, and cylinder temperatures, etc., at 
approximately every 100 r.p.m., both down and up the curve. The 
mixture control is set in the normal position throughout the curve. 

Maximum Climbing Boost 

On engines like the Mercury VIII the maximum climbing boost is 
the same as the take-off boost, therefore one curve serves for the two 
conditions. The mixture control for this curve is in the rich position, the 
change-over being automatically accomplished when the boost control 
is moved to the maximum boost position. The readings on this curve 
range from 105 per cent, of the international r.p.m. down to 70 per cent. 

Throttle-power Consumption Curve 

The throttle-power consumption curve indicates the normal charac- 
teristics of the carburettor, and its h.p. curve must simulate the power 
absorbed at sea-level by an airscrew designed for maximum power at the 
all-out level height. Therefore the h.p. is estimated for the airscrew 
law, that h.p. varies as the 2-8 index of the r.p.m. and directly as the 
density. Usually sufficient data are available from previous tests to deter- 
mine the all-out level power of the engine, but shoufd this not be so, then 
it would be necessary to complete the full throttle altitude curve ^fore 
the throttled power-consumption curve. 

The curve is commenced at the highest r.p.m. at which it is considered 
safe to run the engine without severe detonation, and the mixture control 
may be in the normal or full rich position, depending upon the boost 
developed. Readings of power, boost, and fuel consumption are recorded 
on the Bristol ” engines at every 200 r.p.m. 

The curve is repeated with the mixture control set at each speed to 
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give the weakest mixture for maximum power. At each reading the 
mixture control is gradually weakened off until the load just commences 
to fan and the h.p., r.p.m., and fuel consumption recorded. 

The Altitude Curve 

The most important curve so far as fully supercharged engines of 
the Mercury VIII type are concerned is the altitude curve. In all testing 
described up to now a forward type of intake is used, similar to the form 
of intake used in actual service. For the altitude curve a special intake 
with the inlet tunnel towards the roar of the engine is employed as shown 
in Fig. 6. The air intake is connected by a rubber sleeve to a pipe about 
6 in. in diameter attached to a steel drum with a conical top. The 
purpose of the rubber sleeve is to nvoi*..' any movement of the stand 
cradle causing excessive strain on the carburettor or blower volute 
flange. 

The supply of air to the engine is controlled by a shutter at the top 
of the box which is operated by a screwed spindle having a small handle. 
A depression is maintained in the box corresponding to the atmospheric 
pressure at the rated altitude of the engine. This depression is measured 
by means of a simple mercury “ U ” tube at a point in the intake. 

The engine throttle is kept full open, therefore the altitude box has 
to be robust in construction, for if it collapses there is every possibility 
of the engine racing away and wrecking itself. When first opening the 
throttle to commence the altitude curve the boost pressure is carefully 
watched and excessive pressures are avoided by gradually closing the 
shutter in the altitude box as the throttle is advanced. At the same time 
the “ U ” tube recording the depression in the box is observed, and the 
load on the brake is adjusted to maximum climbing r.p.m. when the 
throttle is finally fully open and the correct depression maintained. 

Power and Boost Pressure and Air Intake 

The power and boost pressure and the air intake at the box are 
measured . A preliminary check of the power and boost is made by apply- 
ing correction factors which will be described later. If the corrected 
boost agrees with the declared figure of maximum boost, then it is 
permissible to proceed with the curve, but if the variation is, say, more 
than J lb. boost, then a further check reading is necessary with the 
depression in the box corresponding to a lower or higher altitude than that 
recorded during the check, depending on whether a higher or lower boost 
is required. 

The altitude curve for the type test engine is taken over a range of 
speeds from 105 per cent, of the maximum all-out level r.p.m. down to 
70 per cent. Readings are taken at approximately every 100 r.p.m. 
both down and up the ouyve with a constant pressure in the intake, more 
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often referred to as the depression, corresponding to the barometric 
presstire at the rated altitude as determined from the cheek rim. While 
one tester adjusts the shutter to give the recpiired depression, a second 
tester adjusts the brake load to give the requked engine speed. The two 
operations have to be done in unison, for of course an alteration in engine 
speed affects the depression in the boxes. 

The fuel consumption is operated by adjustment of the mixture 
control, if necessary, at each reading, and at each point on the curve the 
brake load, speed, observed boost pressure, fuel consurn])ti(»ii, and, a very 
important item, the air tem])erature in the boxes are logged. Each set 
of readings on the curve is taken during the last minute ot a three-ininiite 
run. 

On the altitude curve it is periuissible to use a higher octane fuel 
than that called for in service to offset' tcndcT^jy of the engine to 
detonate and possible over-beating at the high boost }>ressiires developed 
at the higher range of speeds with tlie engine running at full throttle. 

The observed powers and boosts recorded on tlie curve are lower 
than those actually develo])ed by the eiigine under actual altitude condi- 
tions, for on the ground test the air-intake teni])craturc and exhaust 
back pressure are higher and the blower ethcienciy is lower. The result is 
that correction factors have to be aj)plied to determine the performance 
of the engine which will be available at rated height. 

Performance of Engine at Rated Height 

To determine this performance a series of imperial formiihe have 
been supplied by the Air Ministry based on combined bench and flight 
test results. The corrections include : 

(а) Correction of com])ression ratio of the blower for low temperature 
at altitude. 

(б) The corrected boost pressure is determined by multiplying the 
standard atmospheric jiressure at rated altitude by the corrected blower 
compression ratio. 

(c) Observed power correction for the corrected boost pressure. 

This is directly proportional to the absolute pressure. 

{d) Correction for standard atmospheric temperature 15° C. and then 
correct for the temperature at rated altitude. These are inversely propor- 
tional to the square root of the absolute temperatures. 

(e) Correction of exhaust back pressure. 

To have to go through all these stages to determine the correct 
performance is a long and laborious process, and has been avoided by 
the use of a series of constants which have been prepared covering the 
various boost pressure and tenjiperature conditions likely to be experienced 
during the testing of a supercharged engine. Typical examples of these 
charts which have been officially approved are shown in the accompany- 
ing table and are self-explanatory. 




Fig, 1, — ^Hangar tkst stand for fxxrd pitch airscbbw trstino 
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Fig . 8. — Han GAB test stand for va». aibscbew testing 


Endurance Testing on Type Test 

The curves having been satisfactorily completed, any modifications 
to the rating found necessary are forwarded to the Air Ministry in the 
form of amendments to the “ Declaration,” and the engine may proceed 
with its 100 hours’ endurance testing if full military approval is required, 
or 60 hours if the engine is only intended for civil flying. 

The 100 hoims is completed in non-stop 10-hour periods at the following 
conditions : 

Dynamometer, (a) 30 hours at maximum cruising r.p.m. and boost. 
(Mercury VIII 2,400 r.p.m. and -f 3| Ib./sq. in. boost.) 

(6) 10 hours at maximum climbing r.p.m. and boost. (Mercury V TTT 
2,660 r.p.m. and -f 6 ib./sq. in. boost.) 

Hangar, (c) 20 hours at maximum climbing r.p.m. and boost. 

(d) 20 hours at maximum cruising r.p.m. and boost. 

(c) 10 minutes slow running at not more than 600 r.p.m. followed by 
five accelerations up to -f 6 lb, boost. 

(/) Six readings on a throttle curve at normal mixture and repeated 
at weakest mixture for maximum power. 

Dynamotnder. (gr) 10 hours at maximum cruising r.p.m. and boost. 

(h) 6 hours at maximum take-off r.p.m. and boost. (Mercury VIII 
2,660 r.p.m. and 6 Ib./sq. in, boost.) 
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Fig, 8a. — ^xA-nothek view of iiangak test stand foe v.p. aiesceew testing 


(i) 4 hours at ‘‘ fixed pitch ” airscrew take-off conditions. (Mer- 
cury VIII 2,040 r.p.m. and + 5 Ib./sq. in. boost.) 

(j) 1 hour high power at maximum all-out level r.p.m. and maximum 
take-off boost. (Mercury VIII 2,750 r.p.m. and + 5 Ib./sq, in. boost.) 

(k) 1 hour high speed at 5 per cent, in excess of maximum all-out 
level r.p.m. and less than 30 per cent, rated power. (Mercury VIII 
2,900 r.p.m. and 210 h.p.) 

The constant boost and altitude curves specified at the commencement 
of the test are then repeated and this concludes the type test. The engine 
is returned to the shop for strip, examination, and dimensional check. 

It will be noted that after the first 40 hours of the endurance carried 
out on the dynamometer the engine is transferred to a hangar test stand. 
This is the term applied to the test stand to which the engine is mounted 
when running with an airscrew fitted. If the engine is to be cleared for 
use of a fixed pitch airscrew, then a hangar stand of the type shown in 
Fig. 7 is employed, but most of the Bristol engines are cleared to use 
variable pitch metal airscrews and are tested on the stand shown in 
Fig. 8. The cabins of these stands are fitted with similar recording 
instruments to those used on the dynamometer, but no apparatus for 
direct measurement of the h.p, is fitted. The power can be estimated 
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Fig. 9. -HANaAU tflting utand 


quite accurately from the s])eed and boost figures once the engine has been 
calibrated on a dynamometer. 

Starting on the hangar stands is accomplished by means of the electric 
starter fitted to the engine, and must be carried out three times at the 
commencement of each 10 hours. 

Throughout the 100 hours’ endurance, readings which have already 
been mentioned are recorded once every quarter of an hour. The cylinder 
temperatures on all cylinders are recorded at least once every hour. 

Although the 100 hours’ test represents the type test of the engine, and 
although the strij) condition may be quite satisfactory at the conclusion 
of the test, full approval is not granted by the Air Ministry until further 
supplementary tests are completed. 

One of these tests is of 50 hours in non-stop 10-hour periods at the 
maximum power which can be attained for continuous running at econo- 
mical mixture strength. .This power has to correspond as nearly as 
X^ossible to 66 per cent, of the all-out level power. On such tests as this 
the Bristol Aerojfiane Co. adopt the method of reducing the fuel con- 
sumption to a point at which the engine speed drops by 3 per cent, due to 
weakness of the mixture and then regain the i)ower by opening the throttle. 

The strip of the engine on the comifietion of this test must be of very 
high standard, and only when the test is completed satisfactorily can the 
engine be cleared to go into production. 

If inclination tests for carburation and sump scavenging are required 
the tilting stand shown in Fig. 9 is used. 
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Testing of Series Engines 

Up to the stage of the initial curves, series engines are submitted to 
the same procedure as the type engine. The curves required on final 
acceptance tests are fewer in number. The throttle curve is omitted and 
only five readings are taken on the constant boost and altitude curves. 

When the altitude curve is completed the engine is run for 10 minutes 
on a straight fuel in order to clear the tetra-ethyl-lead which may be left 
in the cylinders after running on the high octane fuel, as the engine may 
have to wait some time before it can carry out its slow running and 
acceleration tests on the hangar. 

The concluding test of the series acceptance test is carried out on a 
hangar stand. The engine is fitted with a flight airscrew to simulate as 
far as possible the conditions in service for slow -running and acceleration 
tests . Starting is carried out by means of the engine ’s own electric starter, 
and after lunning at 800 r.p.ni. for 10 to 15 minutes the engine is opened 
up gradually and the cruising and maximum boosts checked and the flow- 
meter readings noted. 

The engine is throttled back to a slow-running speed of 500 r.p.m. 
and any adjustment of the slow-running mixture strength is made so as to 
avoid building up ” (i.e. collecting of fuel in the induction system, 
resulting in a gradual loss in speed due to richness). The slow-running 
stop is set to give a speed of 500 r.p.m. and after running for 5 minutes 
the engine is accelerated to cruising boost. There must be no signs of 
“ cutting-out ” and yet the mixture must not be excessively rich. The 
accelerations are repeated from various speeds to be absolutely certain 
that there are no “ flat spots on the throttle-consumption curve. 

Checks are made to determine that the variable pitch control is 
working satisfactorily and that the slow-running cut-outs are effective. 
These latter units are fitted to the carburettor fuel supply to the slow- 
running jets and their purpose is to prevent the engine continuing to run, 
due to hot plugs and valves, after the magnetos are switched off. The 
ignition is checked with the engine running at maximum boost, each 
magneto being switched off alternately and the drop in r.p.m. noted. 
The maximum permissible drop is 5 per cent. 

When these checks are completed the engine is run for 16 minutes 
on a straight ’’ fuel, i.e. no lead content, and the sump filter is given a 
final examination. If this is found to be satisfactory the engine is returned 
to the running-in shop and motored over for a period of 10 minutes on 
cold mineral oil. This ensures that all internal surfaces are given a, 
coating of oil, whereas if the engine is stored after being shut down when 
hot the oil film is apt to dry off. 

It will be noticed that every precaution is taken on new engines, arid 
it will no doubt be considered that the procedure is expensive and com- 
plicated. But experience has shown that the precautions have proved 
economic in the long run. 



Chapter IV 

MATERIALS TESTING 

T he engineer is responsible for producing an enormous number of 
things used in the world to-day, and the range of materials at his 
disposal for this purpose increases rapidly year by year. As each 
new material is introduced, it is tested in as many ways as possible, so 
as to obtain as much information as is available about its properties. A 
knowledge of these properties is essential before the material can be used 
in the design of any product. No material is perfectly homogeneous, 
and it is necessary that samples of every material should be tested to 
ascertain its properties when dealing with engineering work of any 
importance. 

Objects of Testing Materials 

The objects of testing materials may be : 

(1) Scientific; or 
(2) Commercial. 

The aim of scientific testing is to find out what are the properties of 
the material under test, while the purpose of commercial testing is to 
see if the properties conform to certain specifications or lie between 
certain fixed limits. In commercial testing procedure, the tests are 
carried out for the purpose of quality control, and specifications are 
drawn up by such concerns as the British Standards Institution (B.S.I.), 
the Aeronautical Inspection Directorate (A.I.D.), and similar bodies. 

TENSILE TESTS 

One of the most important properties of a material is its tenacity, 
or its tensile strength. This property is determined by subjecting a 
prepared specimen to a tensile pull in a testing machine. 

Testing Machines 

Tensile testing machines are designed to apply a pull to a specimen, 
and at the same time to measure the pull applied. Thus a straining 
mechanism and a load-measuring device are incorporated in the machine. 
The straining mechanism usually consists either of a nut and screw, or a 
hydraulic cylinder and piston ; while the load-measuring device consists 
usually of either a lever carrying a movable counterpoise (on the principle 
of a steelyard), or of a gauge which measures the fluid pressure acting 
in the hydraulic cylinder* 
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Fi(J. 1. AvKRY vertical SINOLE-LEVER tyre TENSILPLTESTING MACHINE 


Fig. 1 shows a vertical single-lcvcr type of machine. The poise (P) 
runs along the beam, its position being controlled by a screw and gearing 
(G). The beam is supported on a knife-edge on the top of the machine 
standard, and a link (L) carries the weighing crosshead (G). The position 
of the poise is indicated on the Vernier *'(F) which moves along the 
scale (S ) ; the balance indicator (B) indicates when the beam is balanced. 
Shock absorbers {A) are fitted to the right-hand end of the beam as shown. 

In some cases multi-lever machines are used instead of the single- 
lever type. 

Methods of Holding Specimen 

When ductile materials are tested in tension, the ends of the specimen 
are usually held- in wedge grips, which hold the specimen firmly as the 
pull is apphed. Fig. 2 shows a specimen held in such a manner. For 
brittle materials special shackles have to be used to ensure that the 
load is perfectly axial, so that bending stresses are not set up in the 
specimen. 
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Extensometers 

When the pull 
is applied to a 
specimen, it extends 
or stretches. Under 
normal loads this 
extension is very 
small, and sensitive 
extensometers are 
used to measure it. 
The instruments 
are made to fit on 
definite gauge 
lengths. The prin- 
ciple on which these 
extensometers work 
varies, and several 
well-knoAvn types 
will be mentioned. 



Fig. 8 shows a 2.- Wj^dgk grips noLUiNu tensile specimen {Avery) 

Cambridge extenso- 

meter. This instrument is made in two separate pieces {A and B), each 



of w’hich is separately attached 
to the test-piece (TP) by means 
of knurled headed hardened steel 
conical-pointed screws (SS), 
Both parts of the instinment 
are capable of rotating freely 
about these points. The lower 
piece carries a micrometer screw 
(8) fitted with a hardened steel 
point (P) and a divided head. 
It also carries a vertical arm, on 
the top of which is a hardened 
steel knife-edge (/f). The upper 
and lower pieces work together 
about this knife-edge. A flexible 
steel tongue (T) forming a con- 
tinuation of the upper piece is 
carried over the micrometer point 
(P). This tongue acts as^a lever 
magnifying the extension of the 
specimen, so that the movement 
of the steel tongue (T) to or 


away from the steel point (P) is 


Mg. 3 .— .-Diagram illustrating the 
Cambridge exte3^ometer 
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five times the actual extension 
of the specimen. To take a 
reading with the extensometer, 
the thin steel tongue {T) is 
caused to vibrate and the 
divided bead then turned until 
the point (F) just touches the 
hard steel knife-edge on the 
tongue as it vibrates. This is 
a delicate method of setting 
the micrometer screw, as the 
noise produced and the fact 
that the vibrations are quickly 
damped out indicate to 
mm. the instant when the 
screw’ is touching the tongue. 
After the load is applied a 


Ftff. 5 (below),— T he Ewing 

3CXTENSOMETE11 


Ft(/. 4 (above). — D iaokam illustra- 
ting THE TRINCjrLE OF THE 
Ewing extensometer 

second reading is taken in a 
similar manner, and the 
difference in the readings 
gives directly the extensions 
of the test-piece. 

The “Ewing” Extensometer 

The Ewing ” extenso- 
meter is show^n in Fig. 4. 
In this instrument a micro- 
scope (M) is fixed to the 
bottom part, and a rod in 
which is fixed a cross-wire is 
connected to the top part. 
Any relative movement of 
the two parts, which occurs 
when the specimen extends, 
is indicated by the cross-wire 
moving across a graduated 
scale viewed through the 
microscope. 
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Lamb's Roller Extensometer 

Lamb’s roller extensometer is shown in Eig. 6. Two small mirrors 
(A and B) are each fixed to a roller. These rollers are held between 
steel strips, one of which forms the upper element and the other the 
lower element. Any extension of the specimen causes these strips to 
move and the rollers to rotate, carrying the mirrors with them. A lamp 
or a telescope is directed to the first mirror {A). The mirror reflects 
the image of the scale {S) as shown in Fig. 6. If a lamp is used, the 
image of cross-wires in the lamp are seen on the scale (8). The distance 
from the scale to the instrument can be arranged to give a large magnifi- 
cation, and thus enable small extensions to be measured. 

The extension e is given'by : 


e 


dx 




Where d ~ mean diameter of the rollers, in inches. 

X = scale reading. 

D= distance from mirror to scale. 
o= distance between the two mirrors. 

Pire<fi: Reading Extensometers 

Direct rearding extensometers using a dial gauge are very popular 
for test-house work. Fig. 7 shows an extensometer of this type. 
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Marking Off Gauge Length 

Marking-off tools are 
sometimes used, to ensure 
that the extensometer is 
fitted to tlie eorreet gauge 
lengtli. A marking -off tool 
is sliovvn in Fig. 7a. The 
specimen is held in a vee- 
block with a screwed clamp, 
the cylindrical centre punch 
being laid in each of the 
four vees shown, and given 
a light tap. Four centre 
pops are thus made, in v Inch 
are (‘lamped the extenso- 
meter points. 

Test Calculations 

The tensile stress in the 
specimen is the number of 
j)ounds (or tons) to the square 
, inch of (a oss-sectional area ; or 

7. — Dial GAltOK EXTEN.50M|fiTLU r 7 

rf. .uOCUl 

iStress - 

Area 


The specimen will extend as mentioned and the strain is given by 

Extension 

Strain ~ , . - , 

Original length 

Manj^ materials possess, to a certain degree, the property of elasticity, 
that is, they will return to their original dimensions when any stress is 
removed. When a 
graph is plotted between 
stress and strain for 
such materials, it is 
found to be a straight 
line up to a certain 
stress. Fig. 8 illustrates 
such a graph. The slope 
of the straignt line 
portion of the graph 
_AX 
~~BX 



gives the value 


Stress 

Strain, 


Fig, 7a. — Makking-oef tool 
(Canthridge Inatruimnt Co., Ltd.) 
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Fig. 8 (right ). — Tensile test 

STRESS-STRAIN DIAOIIAM 

If a graph is plott ed belwoeri 
stress and strain, the points lie 
on a straight line, and this 
“ straight line law ” is known as 
Hooke’s law. The point (P) where 
the line begins to curve over 
slightly is called t}>e “Limit of 
Proportionality.” Up to this 
point the material is nion* or loss 
elastic, but beyond that Hrmt 
t ho speciinon acquires permanent 
sot-. 
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Fig. 8a Typical diagram of 

TENSILE TEST ON MILD STEEL 

Showing a load-e^xtension curve. 
The portion A E is the straight line 
where stress and st rain (and therefore 
load and extension) are pioportional. 
E is the limit of proportionality (oidy 
found by very careful tests with 
accurate strain -measuring instru- 
ments). Shortly after E is the yield 
point ( F), where a large extension of 
the specimen takes place without any 
increase in load. The material yields 
for a time and then it becomes neces- 
sary to increase the load again, but 
much more Blowdj’ than pmviously. 
At the maximum load point (Af), a 
neck begins to form on the specimen 
(as shown in Fig. 8b), when it becomes 
necessary to reduce the load, as 
shown. B is the point wdiere the 
break occurs. 


Fig. 8b (right ). — ^Appear- 
ance OP MILD STEEL 
SPECIMEN BEFORE AND 
DURING TENSILE TEST 


Specimen before test 



Specimen just before fracture 
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and this is constant for that 
particular material. 

This ratio is called the 
Strain 


Modulus of Elasticity, and is 
denoted by E. The point (P) 
at the end of the straight-line 
portion is called the “ Limit of 


Proportionality,” and at this 
point the strain increases at a 
greater rate then before. If 
the stress is taken beyond this 
I)oint the material will not return 
to its original length, but will 
have stretched permanently. 


Yield Stress 

Some materials exhibit a 
definite yield point after the 
limit of proportionality is past, 
and this may be needed in 
specifications. A yield-point in- 
dicator is shown in Pig. 9. This 
instrument shows the sudden 
extension of the specimen which 
occurs at the yield point. Ductile 



Fig. 9. — Yield-point indicator. (Avery.) 


materials extend, becoming thinner over their whole length, until the 
maximum load is reached. At this point, one part of the gauge length 
begins to form a “ neck,” and the load must be reduced to prevent 
fracture taking place. The extension now takes place in the region of 
this neck, and is called a “ local ” extension. The nominal stresses at 


the yield point, maximum load, and breaking load are given by dividing 
the load at each point by the original cross-sectional area. The true 
stress at the breaking load will be higher than the nominal stress, since 
the cross-sectional area is considerably reduced. 


Ultimate Strength 

The ultimate strength of the material is the nominal stress at the 
maximum load ; that is, the maximum load carried by the specimen 
divided by the original cross-sectional area. After the specimen has been 
fractured, the two parts are put together and the diameter at the fracture 
is measured ; from this reduced diameter the area at the fracture is 
calculated and the reduction of area per cent, is calculated from : 

Reduction of area per cent. = —j— X 100, 
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O y EXTENSION (PERCENTAGE OF GAUGE LENGTH) 

PERMANENT SET IN INCHES 


>^01% OF 
GAUGE LENGTH 


where A is the original cross- 
sectional area, and a is the 
cross-sectional area at the 
fracture. 

The extended gauge 
length is also measured and 
the elongation per cent, is 
calculated as follows : 

Elongation per cent. = 

^ X 100, 

I 

where L is the extended 


Fig. 10.- 1.0AI) KXTEN.stoN GRAfH FOR PROOF length, and I is the 

STRESS DETERMINATION ® , n - 

original gauge length. 

These expressions give some indication of the ductility of the material. 


Proof Stress 

On some materials, such as alloy steels and bronze, the yield point 
is non-existent, and it is impossible therefore to calculate yield stress. 
The development of alloys for aircraft construction has led to the practice 
of specifying, in place of yield stress, jiTOof stress, 

A specification might state that the proof stress shall be defined as 
that stress at w^hich the stress-strain curves depart by 0*1 per cent, of 
the gauge length from the straight line of proportionality.** 

The accompanying graph (Fig. 10) shows the stress strain curve (0 X) 
of a steel specimen, and it is required to know wdiether this specimen 
passes the specification as regards proof stress. 0*1 per cent, of the gauge 
length is marked off on the extension and equals 0 Y, A line (Y A) 
is drawn parallel to the elastic part of the curve 0 X, intersecting 0 X 
at B corresponding to stress 0 C\ which is the proof stress. If the proof 
stress had been specified as the specimen would not pass the 

specification. 

In practice, the proof stress is specified and is applied to the specimen 
for a definite time, say fifteen seconds, and when this stress is removed, 
the permanent set resulting from this stress must not exceed 0*1 per cent, 
of the gauge length. 

Normally, the tensile-testing machine is loading the specimen in 
continuously increasing measure until fracture. To obtain the application 
of the specified load for the stipulated time, provision must be made for 
load maintenance. This is a simple matter on a tensile-testing machine, 
which has a lever-weighing system, as the poise on the beam is set at. 
the required load before the machine is started up. On machines 
with a hydraulic weighing system, special provision is made for 
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maintaining the load in 
determining the proof stress 
of a tensile-test specimen. 

In order to comply with 
the proof-stress speci- 
fication, accurate measure- 
ment of the extension is 
essential, since if a 2-in. 
gauge length specimen is 
used, this involves working 
to 0*002 in. An exteiiso- 
meter must be used and 
readings taken regularly, 
or, alternatively, an auto- 
graphic - recording attach- 
ment must be fitted on the 
machine. The normal 
autographic recorder 
magnifies the stress-strain 
curve from tliree to ten 
times, although autographic 
recorders with much greater magnification are available commercially. 

When the specimen fractures, the maximum load is noted and the 
maximum stress calculated in a similar manner to that used in ascertaining 
the yield stress, mentioned previously. 

Standard Test Specimens 

Since the total extension of the specimen at fracture consists of general 
extension (which occurs until the maximum load is reached) and the 
local extension (which occurs after the maximum load is passed), then 
it will be seen that the elongation per cent, depends upon the gauge 
length adopted. A long specimen gives a small elongation, while a short 
specimen of the same material and cross-sectional dimensions will give 
a large elongation per cent. It is therefore necessary to specify the 
gauge length of the specimen when the elongation is mentioned. It has 
been founci that geometrically similar test-pieces deform similarly, which 
means that so long as the ratio 

Oaiige length 

Lateral cross-sectional dimensions 

remains constant, we can expect to get comparable results for elongation. 
For this reason dimensions of test specimens have been standardised in 
various countries. The values adopted by the B.S.I. for cylindrical 
specimens are as follows : 



Fi(j. 11. — Cement tester 
{Sir TV. H, Bailey db Oo,, Lid,) 
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B 

Fiq 12 — rOMFRESSION SPK IMFNS 

AFTEK TtSaiNG 

V, ductile niatoiial B, buttle inatonal 


Diameter (d) 

A'lea (a) 

Gauge len0h (1) 

In 

i^q In 

In 

0 664 

0 25 

2 

0 798 

05 

8 

0 977 

0 75 

35 


The values m the above table 
(orrespond approximately to the law 

L = 4\/5 


On the Contmeiit and in America 
similar laws, but with a different constant, are used 


Autographic Recorders 

These are attachments which may be fitted to machines to record 
automatically the stress strain curve or the load-extension curve. 


Cement Testing 

Small cement briquettes are tested for tensile strength in a machme 


as shown in Fig 11 The briquette 
{N) IS held between lower and upper 
jaws {L and K), the lower jaw 
being adjusted in height by the 
hand-wheel {M), which is fixed to 
a screwed spindle, the upper jaw 
(K) being supported from the link 
(J), which IS carried by the sub- 
sidiary lever (0) One end of Q is 
supported on the bracket {H), the 
other end being carried by the link 
(jF) , this again being supported 
through the hnk (E) by a knife-edge 
on the mam lever ((7). The bucket 
(R) IS suspended from the mam 
lever and is balanced by the 
balance-weight (i>) Shot is allowed 
to fall from the cylinder {8) 
through the tube (T) into the 
bucket (jR) This imposes a tensile 
stress on the briquette, and when 
the specimen breaks the bucket (iZ) 
drops on to the trigger ( W) and stops 
the supply of shot. The contents 
of the bucket are then weighed on a 



MACHINB 

Testing a concrete cube. 
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scale, the dial of which is 
specially calibrated to read 
the breaking load directly. 

COMPRESSIGN TESTS 

Compression tests are 
carried out to determine 
the resistance of materials 
to crushing. The specimen 
is usually in the form of a 
short cylinder or prism, and 
it is loaded between the flat 
platens of the machine. A 
cylindrical specimen of 
ductile material, such as 
wrought iron or mild steel, 
will flatten out as shown in 
Fig. 12, A. In such a case 

the load can be increased indefinitely, since the cross-sectional area 
increases with increased load, Brittle materials, like cast iron, fracture 
by shearing across, as shown in Fig, 12, B, when a definite maximum load 
is reached. 


SLENDERNESS RATJO - 

Fig, 14. — Lomo strut curve 


On Concrete 


Compression tests are carried 
Collapsible moulds are used. Th 



Fig , 16.— CJomtressiok test curves 
A, ductile material. B, brittle 
material. 


out on concrete cubes and cylinders. 
;e are filled with concrete, which is 
left to set. When setting has taken 
place, the moulds are removed and 
the specimen is tested in a machine 
such as is shown in Fig. 13. The 
large vertical screw is used to adjust 
the position of the top platen, and 
the crushing force is applied by 
operating the pump lever shown at 



W 

Fig, 16.— LoABiNa roR 

TRANSVERSE TEST 
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FkJ 17. TrANSVFRSR TESTING MArillNL 

'J’lif* posififm of the speeinjen is in(lnate(l by 
the (iotttHl outline {Avery) 


the right. This forces oil 
into the cylinder at the base 
of the machine and causes 
the plunger to rise, carrying 
the bottom platen with it. 
The load is read on the 
pressure gauge shown. 

Buckling Load 

If a compression speci- 
men is long compared with 
its cross-sectional dimen- 
s i o n s , it will fail by 
buckling instead of by 
crushing. 

Sucli struts are tested 
to find the buckling load, 


which \aries in a manner as shown in Fig. 14. 

The slenderness ratio is the ratio of the strut length to its cross- 
sectional dimensions. Considering a series of struts ot constant cross- 
sectional dimensions, the slenderness ratio increases with the length, 
and, as uill be seen from the curve, the buc*kling^load decreases with 


increased slendeniess ratio. 


Fig. 15 shows curves of compression tests on short specimens. 


TRANSVERSE TESTS 

l^he transverse test is a standard one applied to cast-iron bars and 
sometimes to timber beams. Fig. 16 shows the method of applying the 
load in the case of cast iron. The nominal stress in the material due to 
bending at fracture is called the Modulus of Rupture and this is given 
by the expressions 
2WL 

MR — 90/^2 rectangular specimens of breadth B and depth Z>, 


and M R 


for circular specimens of diameter d. 


A machine for carrying out transverse tests is shown in Fig, 17. 


BEND TESTS 

Bend tests ere carried out on plate material and on welding to deter- 
mine the ductility. A short length of plate is bent over a former of 
specified radius until a certain angle is reached or until a crack appears. 


CUPPING TESTS 

The tensile-strength test does not give reliable results with thin sheets, 
and the cupping test is applied to determine the drawing, stamping, and 



DEPTH OF IMPRESSJOM 
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folding qualities df the specimen. 
A specimen of the shqet is clamped 
between two dies, while a tool 
having a rounded end (sometimes 
a ball) is moved forward against 
the sheet, forming a cup, until 
fracture occurs. The cup is ob- 
served during the test, so that the 
depth of the impression required to 
fracture can be read ojff’ directly 
from a micrometer scale on the 
machine. The appearance of the 
dome produced gives an indication 
as to the value of the metal for 

angle of twist 0* drawing purposes. Ifthedomeis 

rough or fibrous, it is not suitable 
Fig. i9.--T0RQTrE.TwisT graph for deep drawing. 

A section of the doming tool 
and sheet is shown at the bottom right-hand corner of Fig. 18. The 
curves of Fig. 18 show the depths of impression plotted against thickness 
of sheet for standard trade qualities of different materials. 



TORSION TESTS 

When a specimen is subjected to a torsion test or torque, shear stresses 
are set up in the material. The torque is given by the equation 

^ 

16 ’ 

where fs is the shear stress at the surface, and d is the shaft diameter. 

The specimen is twisted in the torsion machine which measures the 
torque impressed. A torsion meter is fitted which measures the angle 
of twist over a given gauge length. 

The Modulus of Rigidity (0) is the and is obtained from 

® ' Shear simvn 

the expression 

„ 684 Tii 

where L is the gauge length in inches ; 0 is the angle of twist in degtees. 

If a graph is plotted between torque (T) and angle of twist (6), a 
curve of the form shown in Fig. 19 results- The first part of this curve 

PR T 

is straight, and the slope of this straight portion = vcp = and this 


slope multiplied by ~~ gives the value of C. 
d* 
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The shear stress at the limit of proportionality {L) is also given by 

f = 

^ 7t # 

Where T^ is the torque at that point. 

TABLE I.— LOADS AND BALL DIAMETERS 
FOR BRINELL HARDNESS TESTS 


Load 


isaii 

Diameter 


P 

D* 

p 

==" 30 

mm. 

Kg. 

Kg. 

Kg. 

Kg. 

I 

1 

r> 

10 1 

.30 

2 

4 

20 

1 40 

120 

5 

25 

125 

! 250 

750 

10 

100 

600 

1,000 

3,000 

1 


HARDNESS TESTS 

Most methods of hardness testing consist of finding the resistance 
of the materials to indentation. 


The Brinell Test 


A hardened steel ball is pressed into the surface of the material 
being tested under a standard load. When the indentation has been 
made, the ball is removed and the diameter of the impression is measured 
by means of a graduated microscope. The Brinell hardness number is 
given by 

Load in kilograms _ P. 

Area of impression in square millimetres A 


The area of the impression may be calculated from the formula 

A = yiD- V 


where D is the ball diameter. 

d is the diameter of the impression. 

Whenever possible a ball of 10 mm. diameter is used, but balls of 
6-, 2- and 1-mm. diameter may be used. For geometrically similar 


impressions using d i ff erent diameter balls the value — should be kept 

constant. It is 30 for steel, 10 for softer alloys, 6 for copper, and 1 for 
lead and tin, etc. The load necessary for steel with 10-mm. diameter 

P 

ball is therefore given by — 5 == 30, therefore P = 3,000 kg. Table I 
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Fig. 20.—BRINELL harbnjoss-testing 
MACHINE. {Avery.) 


table. The hand-wheel is turned, 
and this forces the ball into the metal 
specimen. When the required load 
is reached, the table, which is part 
of a weighing machine, causes the 
weights at the side to float. When 
the load has remained on half a 
minute the spindle is screwed back 
and the specimen examined through 
the microscope. 

Pyramid Hardness Numerals 

When a steel ball is used on 
hard specimens, the ball becomes 


shows the load required according 

p 

to the constant and the ball 


diameter. 

The Brinell test is easily carried 
out, and it is often used to give an 
indication of the tensile strength of 
the material. No general rule can 
be applied for all materials, but 
for steels the approximate tensile 
strength in tons per square inch is 
obtained by multijilying the Brinell 
hardness number by 0*22. 

A l^rinell testing macliine is 
shown in Fig. 20. The hand-wheel 
operates a worm, which drives the 
worm-wheel shown. The worm- 
wheel has an internal thread which 
mates with the spindle thread. The 
spindle is first adjusted so that the 
steel ball, held in the chuck at the 
bottom, is just clear of the specimen, 
which is placed on the machine 



Fig. 21. — Kockwell hardness tester 
(George H. Alexander Machinery , Ltd.) 
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deformed. A dia- 
mond in the shape 
of a square pyramid 
is used with ad- 
vantage in such 
circumstances. An- 
other advantage 
of the pyramid 
diamond is that 
all the impressions 
are geom etri (5 ally 

similar, whatever 
the hardness of the 
material or the load 
used. A diamond 
indenter may be 
used with the 
Brinell machine 
illustrated in Fig. fhj, 22 .- 
20. The standard 
angle betMeen 

opposite faces of the pyramid diamond is 136°, and with this angle the 
pyramid hardness numeral is given by 

1-854 P 

N — , 

jr>2 



T«,i )f<.OH«,Ur.T ,f, p.-prM OwK ’0 IxtOf ivltriT 
‘ iM load «S TaI L'NtAlJ Ml N? ImmI 

T«l C< RotKWtul. MA«YOnE.»* 

niAO-iNfiS 


-SlOCTlON OF KoC’KWELL IMPRESSION USING 120® 
(J( )N U ’ AL V K N ET R A TOR 


where P is the load in kilograms. 

D is the length of the diagonal impression in millimetres. 

The Firth Hardometer ’’ is a useful machine for this purpose. In this 
machine, the load mechanism is operated by a hand-wheel at the top, 
a trip mechanism arresting the motion of the hand-wheel as soon as the 
correct load has been applied. After the impression is made the indentor 
spindle is swung away, and a microscope at the side swung into position 
to measure the impression. 


Rockwell Hardness Test 

The principle used by the Rockwell machine is based on the additional 
depth to which a test ball or cone is driven by a heavy load beyond the 
depth to which the same penetrator has been driven by a light load. 
The machine is illustrated in Pig. 21, and the method of carrying out the 
test is as follows : 

(1 ) The specimen to be tested is placed upon the anvil or testing table, 

(2) The wheel is turned to Uft the work into contact with the test 
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Fig, 23.— IzoD impact-testinq machine, {Ax^ery.) 


point and force the work against the penetrator until the dial indicates 
that the minor load is applied. 

(3) The bessel of the gauge is set to dial zero behind the pointer. 

(4) The major load is applied by releasing the handle at the side of 
the machine. 

(6) The position of the pointer is observed when it comes to rest. 

(6) The handle is pulled forward, thereby removing the major load, 
but not the minor load. 

(7) The Rockwell hardness number is then read on the dial. 

Two scales may be used : a B scale and a C scale. The B scale is 
used when a steel baU ^-in. diametet is used as the penetrator with 
100 km. major load. The other scale is used when the di«.ninnil pene- 
trator consisting of 120° cone with a spherical tip ground to a radius of 
0-2 mm. is used, the major load in this case being 160 kg. Pig. 22 shows 
a section through a Rockwell impression using a conical penetrator. 

Other methods of hardness testing are employed which utilise diJ^nt 
principles. ’ 
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The Scleroscope 

The scleroscope consists of a tube containing a small steel hammer 
tipped with a diamond. The hammer can be released from the top of 
the instrument, so as to fall down the tube from a given height on to 
the specimen clamped below. The hammer rebounds up the tube, and 
the height of the rebound indicates the scleroscope hardness reading. 

The Herbert Pendulum 

The Herbert pendulum consists of a casting weighing 4 kg., having 
a ball or cylindrical jewel held in a chuck, so that the centre of gravity 
of the casting is slightly below the centre of the ball. If the ball and 
casting are then supported on a hard flat surface and displaced slightly 
from the central position, it will oscillate like a pendulum. If placed on 
a metal surface, the frequency of the oscillation gives an indication of 
the hardness of the metal. On a plaice-glass surface the period of oscilla- 
tion is ten seconds, the period on steel being about two to three seconds. 


IMPACT TESTS 


Although unknown at the beginning of the present century, the impact 
test has gained considerable importance. 

This test reveals useful information, not only about the ability of a 
metal to withstand shock, but also, what is commonly more important, 
it proves an effective check on heat treatment. Two specimens, one 
correctly, the other incorrectly, heat treated, will probably not show 
much difference 


when tested in 
tension, but 
will give very 
different results 
when subjected 
to the impact 
test. The 
correctly heat- 
treated speci- 
men will have 
a much higher 
impact value. 

There are 
various types of 
machines avail- 
able both for 
ringle - impact 
and repeated 
impact tests. 
Of the single- 



Fig. 24. — IxoD stakUabp 
TESr-PiBCE 


Fig. 25.-—CHABBY standard 
tkst-pibce 
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blow niac;hines, the 
original Izod and 
Charpy machines 
arc the best known. 
In principle and 
operation both 
these machines are 
simple. A falling 
pendulum with 
standard striking 
energy and velocity 
strikes a notched 
specimen either as 
a cantilever (Izod) 
or beam (Charpy). 
The work expended 
in breaking a 
notched specimen 
by a single blow is 
measured by the 
difference in the 
stiiking energy of 
t h e j) e n d u 1 u m 
before and after 
impact. 

The striking energy and striking velocity of the Izod and Charpy 
pendulums are : 

Striking Energy 

Izod . . 120ft.-lb, (l6-6J<g.-rn.) 

Cliarpy . . 30 kg.-rntiirtjs 

Striking I "'elocity 

Izod . . . 3-5 metres {)er hoc, 

Cliarpy . . . ryS motres.per sec. 

The Test-piece 

The dimensions of th e notch ed- 
bar impact test-piece are im- 
portant, and are standardised by 
the British Standards Institution. 

Izod {Cantilever type) Test- 
pieces. — The standard notch is a 
vee-notch of 45^ included angle, 
with a radius of 0*25 mm. at 
the bottom of the notch. The 
(Jimensions of this specimen, its 



Fig. 27. — Endubakce curve 



Fig, 26. — Kotati^g-bkaxM tvj'k fatigim<:-testjnc machine 
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position in the grips oi’ tlie 
machine, and tlie angle at whi(‘,h 
it is struck are shown in Fig. 24. 

0 h a r p y 7\t s t-piec a . — ^1’' h e 
Oharpy standard test-piece and 
the method of supporting it in 
the machine are showm in Fig. 25. 

Tlio Jzod machine is illus- 
trated in Fig. 23. The .specimen 
is held in tl\e gripping dies, and 

as the pendulum falls the striking knife-edge strikes the specimen. The 
penduluin rises at the other side of the swing, the loose pointer 
indicating on the quadrant the numher ol‘ foot-pounds absorbed by 
the specimen in fracturing. 

FATIGUE TESTING 

Fractures Due to Fatigue 

A large number f)f fractures that occur in pra(4i(^e are due to fatigue 
rather than to hick of static strength. Fatigue o(?curs in a material as 
a result of re])eatcdly aj){)lied stiesses. The stress required to cause 

fracture by i’atigue is usually mu(*h less than 
that to cause fracture due to static loading. 
Fatigue in metals is recognised by the 
fracture occurring in a brittle manner, even 
in the toughest and most ductile metals. 
Fine hair cracks are formed within the metal, 
and these spread gradually, as if the metal 
w ere glass- hard. 

The kind of stress producing fatigue 
fracture may be tension, compression, or 
shear, or a cf)mbination ol* these. The range 
of stress is the algebraic diflerence of the 
.stresses ap])lied. The object of* fatigue testing 
is to determine the fatigue limit (wdiieh may 
be defined as the maximum range of stress 
below' which fracture wdll never occur due to 
fatigue). 



Fig. 2 9 . — O it t i. t n r of 
Haioh altrrnattjjg 

STRESS -TESTING MACHINE 
(Bruntons (Musselburgh), Ltd.) 


Rotating-beam Type Testing Machine 

A number of machines have been devised 
for fatigue testing. Fig. 2G illustrates a 
machine for testing a specimen in the form 
of the rotating beam. Bending stresses are 
imposed on the specimen, which is rotated 
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Fig, 30 . — Princh'le of a<ition of Haigh-Robertsont fatigite-testino machine for 
WIRES. {BmntoJis {Muft,selhurgh), Ltd.) 


by means of an electric motor. As the specimen rotates, the bending 
stresses change from tensile to compressive during each stress cycle, and 
any load may be imposed to give the required intensity of stress. An 
endurance test is carried out on a large number of identical specimens, 
which are tested under different ranges of stress until fracture occurs. 
If the results are plotted as shown in Fig. 27, the fatigue limit may be 
obtained. Some of the specimens in the test, being stressed below the 
fatigue limit, will never fracture. 

Haigh Test 

The Haigh alternating stress-testing machine is one which subjects 
a specimen of the form shown in Fig. 28 to alternate tensile and com- 
pressive stresses. In the machine outlined in Fig. 29, T is the specimen, 
A is the armature, which is supported between the electromagnets 
Ml and M2, These electromagnets are supplied with two-phase alter- 
nating current from a small electric alternator. When Ml attracts, M2 
repels, and vice versa, with the result that A vibrates between them. 
Since the armature is connected to the lower end of the specimen, the 
vibrations are communicated to the specimen. The springs {S) serve 
to guide the armature rods, and^ initial tensile or compressive stresses 
may be imposed on the specimen. The stress intensity is read on the 
stress meter fitted beside the machine. 

It has been found that corrosion has a great influence on fatigue, 
and numerous tests have been carried out to determine the relationship. 

Tests on Wires 

A special difficulty has to be overcome when making tests on wires* 
It is essential that the wires shall be gripped and loaded in such a manner 
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as not to affect the result of the test ; the original surface of the wire 
must be left intact, since the removal of this would destroy the value 
of the test. A machine designed for this purpose is shown in principle 
in Pig. 30. One end of the vire is held in a chuck (C) as in the headstock 
of a lathe. The otlier end (B) is arranged to run in a thrust bearing, 
as a tailstock. The bending of the wire imposes stresses, aiid the sample 
of wire is kept rotating until it eventually fractures by fatigue, fracture 
occurring at or near to mid-span. 

The results of a test on this machine are given below . 

Specimen : Hawser wire Od in. diameter. Ultimate tensile strength: 
86*5 tons per square inch. 

Five successive tests were made : 

Bending stress applio(i, tons per 

scpmreineh . . . .28 27‘5 27-0 26-5 26 0 

Endurance, or stress cycles re- 
quired to fracture, in millions 0'4()8 0*578 0-642 1*219 10-82* 

* Sj>ecimen unbroken after nearly eleven rniJliori stress cycles. 

From this set of tests it is seen that the fatigue limit lies between 
26 tons and 26-5 tons per square inch, which is approximately only 
29 per cent, of the high ultimate tensile strength of the wire. 

CREEP TESTS 

It has been found that no material is perfectly elastic, and a specimen 
loaded below its yield point will extend if the load is maintained for a 
considerable length of time. This “ creep ” is particularly noticeable at 
high temperatures, and creep-testing machines are used to give prolonged 
loading to specimens. Creep is measured over long periods of time by 
special extensometers. 

When the specimen is loaded above the creep limit, it extends 
comparatively rapidly, the rate of this extension gradually decreasing, 
due to plastic strain hardening. The creep rat© is then maintained at a 
nearly constant value for a period. Then the rate of creep again increases, 
until eventually fracture occurs. Special furnaces are made to completely 
enclose the specimen under test ; the temperature of these furnaces can 
be controlled thermostatically, so as to maintain a constant temperature 
over a long period. 


METALLOGRAPHIC TESTS 
Examination under the Microscope 

Metallography is the study of the structure of metals. It is a com- 
paratively recent branch of metallurgical testing. It explains much 
about the behaviour of metals which would otherwise be obscure, 
and has helped to put their examination on a more rational and 
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Fi(j. KKi’Etrr of heat treatment on the structure oe steel, as seen 

UNDER THE MrCROSi’OPE 

/r//, (lio liiirdoned ooiiditioii. the Himealod condition. 


therefore scientific basis. It is still growing, for the introduction of 
new combinations of metals means a further field for study and 
research. 

Although to the unaided eye one piece of metal may look very much 
like another, the surfac^c when suitably treated appears under the mi(;ro- 
scope as more or less regular and well-defined grains, crystals, or forma- 
tions characteristic of the material, and often having a remarkable beauty 
of form and design. Defects or abnormalities in the metal, whether as a 
result of im])roper conditions of manufacture or harsh treatment during 
use, produce a (corresponding cliange under the microscope, which to the 
trained eye tell an unmistakable story. The experienced metallurgist 
can often reacch a conclusion from this evidence alone as to the cause of 
failure in service, and can suggest a remedy for the trouble. 

Preparation of the Specimen 

The surface of the specimen must be suitably prepared for examina- 
tion, otherwise the best microscope in the world would fail to give any 
useful information. Unless due care is given to this stage of the opera- 
tion, further work will be wasted. The steps involved may be set out 
briefly as follows : 

(1) (cutting out the si)ecimen or specimens from the mass of metal to 
be examined. The number and location of these will depend on the 
nature of the examination. In the event of a general examination being 
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advisable, numerous speeimcns will be 
required. They should be between 
I in. and 1 in. across to give the best 
results, and the thickness between 

in. and f in. 

(2) Preliminary shaping and rub- 
bing down of the specimen, prior to 
polishing. It is first filed with a fine 
file or ground wet on a slow-running 
gilndstone, to produce a level surface. 

Edges and corners are then smoothed 
as far as possible to prevent damages 
to the pohshing cloth in later stages. 

The specimen is then rubbed face 
downwards, across a coarse emery 
paper, until the surface is completely 
covered with fine scratches parallel to 
one another. 

The same operation is repeated, 
using No. 1 emei'y paper, but in a 
direction at right angles to the first 
set of s(a‘atches. By using finer and 
finer emery paper in successive opera- 
tions, finishing with No. 000 paper, the surface is gradually smoothed 
until it is ready for polishing. The change from one grade of paper 
to the next must not be made until all the previous scratches have been 
replaced by the new set. 

Polishing the Specimen 

(3) Pohshing is effected by holding the specimen against a rotating 
disc soaked in water and coated with a polishing powder, the most 
suitable for general use being alumina. Proprietary brands can be 
bought for this purpose. Selvyt cloth makes a very good material with 
which to pad the disc, or, for iron and steel specimens, serge suiting cloth 
is excellent. For good results the specimen must never be allowed to 
become dry. 

Heavy buffing or dry polishing must be avoided, because it produces 
an amorphous or flow ’’ layer, which merely covers up the fine scratches 
left by the emery, instead of removing them. 

Soft metals, such as copper or aluminium, suffer particularly from this 
drawback. Care must be taken to avoid too vigorous polishing, the final 
stages being carried out with metal polish on selvyt or chamois leather, 
sometimes by hand instead of with a mechanically driven disc. 

In aU the operations so far described, great care must be used to 
avoid any overheating or excessive stress on the metal, for this may pro- 
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duce changes in the stracture which would render the results of subse- 
quent examination quite misleading. For cutting, a lubricant of soft 
soap may be used ; for grinding, a slow speed and plenty of water are 
necessary ; when rubbing down, a heavy pressure must be avoided ; 
and so on. 

Etching the Specimen 

(4) Etching of the specimen, to reveal the structure of the metal, is 
the next step. The etching liquid eats away particular parts of the metal , 
first at grain boundaries, and then the more soluble parts elsewhere. The 
various constituents, whether crystalline or inclusions, being inclined at 
.slightly different angles to one another, reflect the light in different 
directions and reveal themselves in various degrees of light and shade. 

The etching liquid should l)e selected so that the attack proceeds as 
far as desirable in from ten seconds to two minutes. The following liquids 
are suitable for various metals : 

Normalised and annealed carbon steels. 1 A 2 per cent, solution of nitric 
Hardened and tempered carbon steels. ^ acid or a saturated solution 
Low alloy steels and cast iron. J of picric acid in alcohol. 

Austenitic manganese and nickel steels : 15 per cent, hydrochloric 
acid. 

Stainless steels : 10 per cent, hydrochloric acid containing 10 per cent, 
of ammonium persulphate, freshly made. 

Copper : 20 per cent, ammonia solution plus 10 per cent, of am- 
monium persulphate. 

Copper and magnesium alloys ; Alcoholic solution of ferric chloride 
containing hydrochloric acid. 

Aluminium alloys : Aqueous solution containing 2 per cent, hydro- 
fluoric acid and 5 per cent, of nitric acid. 

Zinc and zinc alloy : Alcohol containing 1 per cent, of strong hydro- 
chloric acid. 

The above proportions are all by volume. 

Mounting the Specimen 

(5) After being etched, the specimen is washed in water, followed by 
alcohol, and allowed to dry. It is then mounted by emtedding it in 
plasticine adhering to a glass microscope slide. The purpose of the 
plasticine is to permit the surface of the specimen to be mounted parallel 
with the slide. The levelling can be done with the aid of an accurately 
machined brass ling and a glass plate. 

In the latest method of mounting, a moulded bakelite cylinder is used 
instead of plasticine. The polishing is carried out after the specimen 
has been moimted instead of before, the specimen being completely 
embedded in the bakelite, which is warmed in a special press to scdten it. 
This method is very useful for small specimens, whio!^ are otherwise 
difficult to handle. 
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Other methods 
of mounting small 
specimens prior to 
rubbing down are 
to cast solder, 

Wood^s metal, or 
sulphur round them 
in a plasticine 
mould. 

Arrangement of ^jjsTMiNr 
Microscope and 
Illumination 

We now come to 
the important 
subject of the type 
of microscope equip- 
ment and illumin- 
ation best suited to 
the examination of 
metallurgical speci- 
mens. It is a sub- 
ject on which whole 
books have been 
written, and all that 
can be done here is 

to indicate briefly Fig . 33 . — ^Metallurgical microscope 

the lines on which Showing vertic-al ilhiminat ion and other details, 

the expert micro- 
scopist works. 

Specially designed outfits can be purchased for this type of work, but the 
advanced operator often prefers to assemble his own apparatus, and only 
continued practice can produce results such as those shown in Figs. 
31 to 35. 

A microscope consists of a short-focus “ objective ’’ mounted at the 
lower end of the barrel and an ‘‘ eyepiece ’’ at the upper end. Objective 
and eyepiece consist of combinations of lenses cemented together to 
correct for colour and for curvature of the image. A set of objectives 
and eyepieces is required to give magnifications varying from 25 to 1,000 
diameters, and occasionally up to 4,000 diameters. 

Although the combined powers of objective and eyepiece deter- 
mine the overall magnification obtainable with the microscope, it 
is upon the resolving power of the objective that the amount of 
detail which can be seen depends. By resolving power we mean 
the ability to separate small adjacent lines or particles. The eyepiece 
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Fig, 34. Taking a Miciio-rjiGTOGRAPH 
{By courtesy of Thos. ( Hover tt’ Co., Ltd.) 


merely helps to make visible the constituents wliieh the objective has 
resolv^ed. 

The opaqueness of metallurgical specimens means that top or side 
lighting must be used to illuminate them instead of the bottom lighting 
used for thin transparent sections in bacteriology and in the examination 
of thill sections of mineral. Vertical illumination is by far the most usual 
kind, being the most effective and convenient. Different sources are 
used, according to whether a visual examination is being made or 
whether a photograph is to be taken. For visual examination an 
ordinary flashlight battery suitably mounted is very convenient, being 
small and easily fitted. For taking photographs, a much stronger 
light is required, in order to give a reasonable time of exposure. 
Either a carbon arc light is used or a “ pointolite ” lamp, which is 
an electric lamp with a very small and intense source. In each case, 
the rays of light must be passed through a condensing lens, followed 
by an iris diaphragm. The lens concentrates the light where it is 
wanted, and the diaphragm provides the necessarj^ control over the 
area illuminated. 

In Fig, 33 we get a good idea of how the vertical illumination is 
arranged. The light rays, passing through an aperture near the bottom 
of the barrel, are reflected downwards through the objective by an inclined 
glass slip on to the specimen, which reflects them up to the eyepiece. 
A ^ass prism, used in place of the slip, gives a brighter illumination, but 
reduces the resolution. 
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Micro-photographs 

Fig. 33 sh(3ws the focusing screws placed on the body of tlie microscope. 
When photographs are to be taken, however, the coarse focusing is 
effected by racking the stage of the microscope instead of the barrel. 
This arrangement avoids the necessity for disturbing the adjustment of the 
illumination. 

For magnifications of 1,000 or more an oil-immersion objective is 
employed. Two drops of cedar-wood oil are placed on the specimen and 
one on the objective, and the stage racked up xintil tl)c oil films meet. 
Tlie oil must be free from air bubbles. (Caution : objectives must not be 
cleaned with alcohol or benzene. Use a well-washed silk handkerchief 
moistened with the tongue.) 

For photographic, work, an ortho-process jJate is generally used in 
conjunction with a yellow or green screen. They are slow and give good 
contrast. Panchromatic plates are sometimes desirable. 

ANALYTICAL AND CORROSION TESTS 

These will not be considered in any great detail, as the former are 
usually made by specially trained chemists, and the latter concern chiefly 
the metaJlurgist who has to deal with metals used in chemical i)lant. 

Determination of Carbon in Iron and Steel 

The percentage of carbon in iron and steel has an important influence 
on the properties of these metals, and its determination is a routine test 
in many laboratories. 

The apparatus used is fairly well standardised ; it consists of a heated 
refractory tube in which the carbon is biunt in a steam of oxygen. The 
carbon dioxide produced is absorbed in a specially designed weighed 
vessel containing potash solution or soda-lime. Sulphur dioxide and 
water vapour in the oxygen from the combustion tube must first be 
removed. An electrically jieated furnace capable of giving temperatures 
up to 1,400'^ C. is the most convenient. 

Determination of Sulphur 

A commonly used method for the determination of sulphur in cast 
iron and ordinary steel consists of dissolving a weighed quantity of the 
steel in hot dilute sulphuric acid, and absorbing the sulphuretted hydrogen 
evolved in cadmium acetate solution. 

The (*admium sulphide thus precipitated is filtered off‘, stirred with a 
measured excess of acidified iodine solution. The excess iodine is then 
titrated with sodium thiosulphate solution. From the iodine consumed, 
the sulphur content of the steel can be determined. This method has the 
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advantage of speed and simplicity, but for the high-duty alloy steels more 
elaborate methods must be used. 

Standards for Analysis 

It is worth mentioning that a whole range of carbon steels, aUoy steels, 
iron, and non-ferrous alloys, etc., which have been carefully analysed by 
ten expert chemists, can now be obtained in the form of specially prepared 
samples. They are used as standards for checking metallurgical analysis 
and are particularly valuable to students. 

Standardised pure reagents which can be bought in tablet form also 
simplify routine analysis, as they eliminate tedious preparation and 
measuring of solutions. 

Corrosion Tests 

Corrosion tests cannot usually be standardised, becaxise they have to 
be adapted to reproduce the particular conditions of service of the metal 
— often a matter of some difficulty. 

There are two tests, however, which have now become more or less 
standard. These are (i) the Salt Spray Test, which is useful for com- 
paring the corrosion of metals and alloys, and (ii) the B.N.P. Jet Test for 
thickness of electro-deposits. 

The Salt Spray Test is particularly valuable for quickly testing new 
f()nnula3 for light aeroplane alloys in comparison with alloys which are 
known to be satisfactory in practice. An aerated spray of salt solution 
is blown on to the metal part in a cabinet at a controlled temperature 
by means of an electrically driven air compressor. The condition of the 
part, including loss of weight, etc., can then be examined. 

In the B.N,F, Jet Test (Patent No. 476,876) an appropriate solution 
is allowed to drip upon the electro-plated surface through a calibrated 
jet at a constant rate. The time required to perforate the coating is 
measured. There are four solutions selected according to the metal, 
which can be nickel, copper, bronze, zinc, and cadmium electro-deposits, 
but not cliromium. 

Other Tests 

Very few laboratories have facilities for testing all the properties 
which determine the suitability of metals for various purposes. There are 
numerous tests besides those already described, which, although they are 
not of a sufficiently routine nature to justify a detailed account in a brief 
review, may be mentioned briefly. They include, among others, physical 
properties, such as thermal and electrical conductivity, thermal expansion, 
magnetic properties, and melting-point; wear resistance, effect of heat 
treatment, response to hardening, X-ray analysis, amenability to the 
various processes to which metals are submitted during engineering 
operations, and spectrographic examination. 



MATERIALS TESTING 


75 


TESTING CEMENT AND CONCRETE 

The wide and increasing use of (joncrete and ferro-concrete for roads, 
buildings, drains, sea-defence walls, and other kinds of structural work 
entitles this material to be regarded as one of the most important of 
modern engineering materials. Millions of tons of Portland and similar 
hydraulic cements are manufactured annually, each of which must be 
submitted to a variety of tests to ensure that they pass certain specifica- 
tions drawn up for the protection of users. 

Small users of cement rely on the manufacturers to supply cement of 
prescribed quality. They can do so with confidence, because the makers 
submit their products to regular tests, both to make sure it is up to stan- 
dard, and for control of manufacture. Big users, especially where con- 
tracts for public works are concerned, either make their own tests or 
avail themselves of the services of consultants who specialise in this work, 
and provide an independent check on the tests made by the manu- 
facturers. 

In Great Britain the quality of Portland cement is governed by 
specification No. 12 (1931), prepared by a Committee of the British Stan- 
dards Institution. This Association is an impartial body formed for the 
purpose of safeguarding users by laying down minimum requirements 
for many difierent kinds of products, and methods of testing. Govern- 
ment departments and scientific and industrial organisations are repre- 
sented upon its various committees. 

While the recommendations of the Association have no statutory or 
legal force, they are widely recognised as providing standards to which 
materials of good quality may be reasonably expected to conform. The 
American Association for Testing Materials (usually known as the 
A.S.T.M.) is the equivalent in the United States of our own Association, 
but does not prescribe quite the same tests or specify the same require- 
ments. 

Types of Cement Used for Structural Work 

There are several kinds of cements used by the civil engineer for 
structural work, according to the conditions which have to be met. First 
of all we have the well-known Portland cement, which was first employed 
on a large scale for the Thames Tunnel in 1838. 

The term denotes a particular variety of hydraulic cement generally 
made by burning Umestone or chalk with clay and sand in proportions 
which must lie within fairly close limits. By far the largest proportion 
of cement being made is of this kind. 

Rapid-hardening Portland cement is of the same class, and is made 
from the same materials, but is ground more finely to make it develop its 
strength more quickly. Where a job must be finished in a short time, to 
avoid del^y and save expense, as in the case of important roads, rapid- 
hardening cement is often specified. 
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A rc(?oiitly developed but nevertheless important class of cement is 
aluminous cement. The well-known Wnicnt Fondu belongs to this class. 
Its special (‘haracteristic is the extreme rapidity v'ith which its strength is 
developed ; it excels rapid-hardening Portland cement in this respect, 
although the ultimate strength is not so great. 

Piles cast from concrete made from aluminous cement can be driven 
within twenty-four hours after the concrete has been poured — a big 
advantage wliere only a limited time can be allowed for a job. Alumi- 
nous cement also has a remarkable resistance to sulphate-bearing waters, 
sometimes a source of great trouble with Portland (emeiits. 

A third (Jass of cement of importance in its own field is the so-called 
l^ortland blast-furnace cement, which is a mixture of ground Portland 
cement and blast-furnace slag. This cement is valuable for use for marine 
structures, such as sea-w^alls, liecause of its resistance to sea-water. 
Considerable quantities are used in Scotland and in (Germany. 

Pozzolana cements have been used for centuries and are still made 
where suitable raw materials occur. They are made by mixing naturally 
occurring active '' pozzolana earths, such as “ trass,” or burnt clays, 
with lime or with Portland cement. Their special attribute is their 
resistance to sea-water. They are not greatly used in this country. 

Huge masonry dams erected during recent years in connection witli 
irrigation and water-powder projects have introduced special problems for 
the cenient manufacturer. Large temperature rises occurring in these 
big masses of cement w ould upset its setting properties ; hence a modified 
form of Portland cement has been evolved. Special tests have been 
developed for these new low^-heat cements, and, following the example 
vset w hen the great Boulder Dam w as erected, it will probably become usual 
in these big j)rojects to issue specifications limiting the heat evolution. 

Chemical Composition of Cement 

Portland cement (so-called from a resemblance to Portland stone) 
is chiefly a mixture of silicates, aluminates, and ferro-aluminates of 
lime embedded in the amorphous glass from which they have cryvstallised 
during the cooling of the cement “ clinker.” A progressive chemical 
reaction between these compounds and w^ater produces the setting and 
hardening on which the strength dej)eiids. Unless the proper proportions 
of lime, silica, and alumina are present in the cement, the balance of these 
compounds wdll be upset and the hydraulic properties of the cement will 
suffer. 

Hydraulic Modulus 

The British Standard Specification therefore stipulates that the pro- 
portion of lime divided by the sum of the proportions of silica and 
alumina (each being expressed as chemical equivalents — not in per cent, 
by weight) must not exceed 3 or be less than 2. This ratio is what is 
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know n as the Hydratdic Modulus 
(or sometimes the ''Lime 
Modulus ”). To obtain the 
number of eheinical equivalents, 
w^e merely divide the weight per- 
centage of each substance by the 
molecular weight (56 for lime, 

60 for silica, and 102 for 
alumina). 

Before the calculation is 
made, the percentage of lime 
present in the form of gypsum 
added to control the set must be 
deducted from the total hme. 

We need not go into this question 
in detail, because it primarily 
concerns the cement manufac- 
turer, except to note the follow- 
ing ranges in composition in 
Portland cements marketed in this country : 

Per (T)if. 

Liino ......... f>3-(Jr)-5 

Silica m-2:i 

Aluiriina . . . . . . . . . 4-5S 

Iron oxide. ........ 2-4-r) 

Aluminous cements contain very miu^h more alumina (3<S-"40 per cent.), 
much less silica (only about 5 per cent.), and have a lime content about 
equal to the alumina. There is no sj^ecified composition for aluminous 
cements. 

Magnesia and Sulphate Contents 

A liigh magnesia content may result in an unsound cement and cause 
a " delayed *’ failure a year or two after installation. The destruction of 
bridges, viaducts, and large buildings has been attributed to this cause. 
The specification therefore limits the magnesia content to 4 j)er (;ent. 

A high sulphate content also causes unsoundness and cracking of the 
concrete by forming compounds which expand during setting. In this 
case the action is more rapid. The specification limits the content of 
sulphur present as sulphate to 1*1 per cent. 

Fineness of Cement 

The finer the cement, up to a point, the better it is able to combine 
with the water, and tlie greater the strength developed. The cement is 
therefore tested on two sievcvS : {a) the coarser, known as B.S. Mesh 
No. 72 ; and (6) the finef, known as B.S. Mesh No. 170. These sieves 
have 5,184 and 28,970 meshes per square inch, giving apertures 0*0082 
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and 0*0035 in. square respectively. Not more than 1 per cent, of the 
cement must remain on the former sieve after shaking for five minutes, 
or more than 10 per cent, on the latter after shaking for 15 minutes. 

The sieves used for this test must have a surface area of at least 
50 sq. in. and must be at least 2f in. deep. Circular sieves can be pur- 
chased with shoulders which enable them to be fitted together and to bo 
provided with a lid, and with a pan at the bottom for receiving the finest 
cement. 

With this four-tiered arrangement, the residues on both sieves can bo 
determined simultaneously, by placing 4 oz. of the clement in the top 
compartment and shaking for fifteen minutes. The use of a shaking 
machine avoids the tedious manual laboOT and is desirable if many tests 
have to be carried out. 

Determination of Cement Flour 

Sieve tests do not give the fullest information about the size of the 
cement particles, because the most reactive portion of the cement is the 
finest part, considerably smaller in size than the smaller of the two sieve 
meshes. 

To supplement the sieve tests, therefore, many laboratories determine 
what is often called the '' flour ” content, by floating off the very fine 
cement in a stream of dry air in a vertical tube in an elutriator. This 
test does not appear in the British specification, but is a valuable addition 
to the sieve tests. One commonly used type consists of a vertical brass 
tube 4 ft. high and 4 in. diameter, fitted with a cone at the bottom wliich 
contains the cement. The size of the particles blown off depends on the 
air speed. The air speed is regulated at an arbitrary value of 21 ft. per 
minute, which should remove particles of less than about 30(jl. It should 
be pointed out that there is no special significance in this particular size. 
The test is, however, a useful one for comparing cements in the same 
apparatus. 

Numerous other elutriators have been used, differing in their elaborate- 
ness, including one which uses petrol instead of air. Sedimentation tests 
for determining particle size are also used, and in some recent American 
specifications it is provided that the fineness must be determined by 
measuring the surface area in a turbidimeter by the Wagner method. 
This measures, by means of a photo-electric cell, the light scattered by the 
cement in suspension in kerosene when a beam of light falls upon it. 
The method is quick and simple, requiring only thirty minutes for com- 
pletion, and is being used to an increasing extent in various forms. 

Strength of Cements 

The strength developed by the cement when set and hardened, either 
as a mortar in admixture with sand, or as a concrete in admixture with 
stones, gravel, or other “ aggregate,” is obviously of the highest import- 
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Fig , 36. — Waonkh tukbidimeteii test foe particle size determination 


anee. In construction work, it is the strength imder compression with 
which we are chiefly concerned, but unfortunately it is not very convenient 
to make satisfactory compression tests in the laboratory ; it is rather an 
elaborate business, especially where large blocks have to be tested, 
involving special mixing apparatus, compacting machines, and a large 
and powerful press. There is also the difficulty of standardising the 
aggregate required in large quantities. 

For these reasons, some specifications, inchrding the British Standard, 
contain not a compression test but a tensile test, on the assumption that 
the two bear a constant relatiorrship to one another — an assumption 
which it is now realised is seldom justified. As a compromise, many 
European speoificfttions include a compression test on a 1 : 3 sand mortar 
(cement 1 part, sand 3 parts). 

Tensile Tests 

The preparation and testing of the tensile test pieces is a comparatively 
simple matter, but. to obtain reliable results the conditions, including 
water content of the mix, the temperature, degree of mixing, humidity 
of the atmosphere, and grading of the aggregate, must be standardised 
as closely as possible. At one time the British specification included a 
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37 . rREI'ARlxSO TEN81EK BRIQUETTES 

First — Ad(iiiig measured volume of wafer to weighed 

amtnmt of .«-ajid eeriieni mortar. 


tensile test on the 
neat eenient, but it 
is now realised that 
the results of this 
test have no real 
significance, and a 
J : 3 sand mortar is 
used instead. 

The proportion 
of water used is such 
as to give an ''earth- 
moist ” consistency 
with the mixture of 
cement and sand, 
and is determined 
by a preliminary 
test, as described 
1 a t e r o n. 1 1 is 


usually about 8 per cent, by weight of the wet mixture. 

The mixture of cement and special Leighton Buzzard testing sand is 
then gauged with water in the following way. '^.fhe dry materials are 
mixecl as intimately as possible on a flat steel or glass sheet, and then made 
up into a inound with a depression in the middle sufficiently large to 
receive tlie water. It is usual t(» prepare test pieces in triplicate for l)reak- 
ing after one, three, seven, and tw^enty-eight days, making a total of 

twelve test pieces, 



or briquettes, alto- 
gether, but it is best 
to make up only 
enough mixture for 
two briquettes at a 
time to obtain re- 
producible results. 

The powder on 
the outside of the 
mound is then 
pushed gently into 
the water by means 
of a light-weight 
gauging trowel, 
taking care not to 
let more water 
escape from the 


Fig. SH.^FnEpARiNG tensile briquettes 


heap than can be 


Second stage.— Gauging the “ earth-moist ” mortar. avoided. With the 



help oi* a second 
trowel the wJiolc is 
then mixed together 
and as quic^kly as 
possible. A skilled 
gauger can complete 
this j)art of the 
operation in two 
minutes or so, but 
practice is needed to 
work up a uniformly 
moist mixture expo- 
d i t i o u s 1 y . The 
temperature of the 
room must be between 
58° and 04° F. during 
this operation. 

The moist mixture is then filled evenly into a split brass mould of the 
form sliowJi in Fig. 39, resting on a metal plate somewhat largeu* than 
the mould. The cement mortar is then (‘.ompacted by beating, first on 
one side and then the other, with a standard spatula (also sliown), 
until the mixture is level with the top of the mould. It is also 
a good idea to grip the jfiate and mould firmly in both hands and 
ra]) them smartly on the bench. To produce a satisiaetory bTiquette, 
it is necessary to beat on a very rigid foundation — a lialf-inch tliich steel 
plate firmly grouted to a brick or concrete pier makes the best gauging 
bench. 

After smoothing off with a trowel, the mould and briquette 
are placed for twenty-four liours in a moist chamber in whicli 
the relative humidity is at least 90 per cent. They arc then 
removed and “ cured ” by immersion in water until ready for 
breaking. 

Quite a simple form of breaking machine suffices foi* measuring the 
tensile strength. The essentials are strong metal jaws to grip the test- 
piece and a means of applying the stress at the specified rate of 100 Ib, 
per square inch of cross-section in twelve seconds. Lead shot running 
into a scale pan enables this to be done in a simple manner, the stream of 
shot being stopped automatically when the specimen breaks. As the 
cross-section of the neck of the briquette is a square inch, the weight of the 
shot multiplied by a factor for the machine gives the breaking stress in 
pounds per square inch. 

The specified minimum breaking strengths at three and seven days 
after gauging are 300 lb. and 375 lb. per square inch respectively. The 
seven-day strength must show an increase over the three-day strength. 
Most Portland cements on the market easily pass this test, typical strengths 

1 V --6 



Fig, 31). — -Pit?: PA KING Tb:is\siLi!: mtiQUKTTOS 
Tliirclrttage. — Filling moiiltls with moist sand I'oinont jnorlar. 
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Fig. 40. — Bbeakiko tensile bbiquette on a universal machine 


for a good-quality cement being 526 lb. and 685 lb. per square inch at 
three and seven days respectively. 

Compression Tests 

The British Standard Specifications do not include compression tests, 
but they find a place in many foreign specifications, and give very valuable 
information, especially on concrete. 

There are two usual kinds of compression tests : {a) on 3-in. cubes of 
3:1 sand cement mortar ; (6) on 6-m. cubes of concrete, or on 8 in. by 
4 in. cylinders, usually the former. The tests on concrete are 
described later. 

Mixing of the sand cement mortar is often carried out in a Steinbruck 
Schmelzer mill, which consists of an edge-runner machine in which a 
heavy roller mounted on a horizontal axis rolls round in an annular 
trough, which itself rotates. 

The compacting may be done by a Klebe hammer or a Bpehme 
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hammer. In the former, a weight 
sliding in guides falls upon the upper 
surface of the mould at regular 
intervals a definite number of times. 

In the latter, the falling weight 
describes an arc of a circle at the 
end of a kind of tilt-hammer pivoted 
at one end. 

Such a machine cannot easily be 
employed for filling the large moulds 
with concrete, and in this case the 
compacting is usually carried out by 
ramming the charge witli a steel 
rod having a square end. The usual 
concrete mixture for testing pmposes 
is 1 part cement, 2 parts gauging 
sand, and 4 parts graded gravel. 

Compressive strengths can be 
considered good if they attain the 
following figures ; 

1 ; 3 A'anc? Mortars : 1 <iay 

(а) Ordi.tiary Portland . . 3*400 

(б) Rapid-hardening Portland . 3,800 



Fig. 41. — Filling 6-in. mould for com- 
pression STRENGTH TEST ON OONCBETE 


Compressive /Strengths 
in Ih. per square inch 

3 days 7 days 28 days 
5,000 5,300 6,70*0 

6,500 7,000 7,300 


Determination of Setting Time 

In practice, sufficient water is added to the concrete or mortar to 
produce a wet mix. The cement begins to set as soon as the water is 
added, and if the setting takes place too rapidly, the mix may become 
difficult to work before the concrete has been properly placed, or may 
require the addition of excessive amounts of water to make it workable. 
Too slow a set is also undesirable. 

Specifications therefore provide for the determination of two setting 
times — (a) the Initial Set, which indicates a partial loss of the plasticity 
of the gauged cement ; and (6) the Final Set, when the cement has begun 
to acquire an appreciable firmness. The tests are made on the plastic 
neat cement containing an amount of water found by a prehminary 
test (see next section). It must be understood, however, that the 
setting times so obtained are not necessarily those which are realised 
under the conditions of use, but experience shows that a cement 
which sets in the time specified gives good results in mortar and 
concrete. Nor must the setting of cement be confused with its 
hardening, which is a relatively slow process, involving rather different 
cement constituents. 
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Apparatus Required for Setting 
Time Determination 

Setting times are deter- 
mined by means of the Vicat 
apparatus, shown in Fig. 42. 
It consists essentially of {a) a 
cylindrical mould containing 
the setting cement paste ; (b) 
two weighted needles, one for 
the initial setting time and the 
other for the final setting time; 
(e) a slide supporting tlio 
n e e d 1 e ; (d) a s c a I e f o r 
measuring the depth to whidi 
the needle penetrates into 
the setting cement ; and (e) a 
stop-watch. 

Initial Set 

The cement is gauged with 
the proper amount of wat>er 
in a manner similar to that 
employed when testing the 
tensile strength. With the 
aid of a trowel the Vicat mould 
(which must rest on a non- 
porous plate) is then filled with the cement paste, the top smoothed off, 
and the stop-watch started. As before, this operation must be performed 
at a temperature of 58°-04° F., and during the test the block must be 
kept in an atmosphere of 90 per cent, or over relative humidity. 

To determine the initial set, the thinner of the two needles is secured 
in the holder, gent ly lowered into contact with the cement paste, and 
quickly released. At first, the needle sinks right into the soft cement, 
and after an interval of five minutes the operation is repeated at a different 
point on the surface, and so on until the needle finis to reach the bottom 
of the block. The time recorded by the stop-watch is then the initial 
setting time, which the British specification says must not be less than 
thirty minutes in the case of a normal-setting cement, or five minutes for 
a quick -setting cement. 

Final Set 

For the determination of the final set a differently shaped needle is 
employed. It is really a combination of the needle previously used and 
a circular plunger with a chamfered cutting edge. The needle stands 
proud of the edge of this attachment by 0*02 in. and the cement is con- 



Fig. 42. — Vicat appakatus por setting time 
Note plunger at side to prevent too rapid fall 
of the needle. 
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sidcrod as finally set when the needle makes an impression on tlie cement, 
but the (ircular emitting edge I’ails to do so. Sometimes a scum forms on 
the sm laee of tlie set cement, when the reverse side of the block may be 
used instead. Tlie final setting time must not exceed ten hours for a 
normal-setting cement, or tliirty minutes for a quick -setting cement. 


Determination of Soundness 


Le Chutelier Test . — All cements undergo some volume change during 
setting and hardening, but it is normally so small that no harm results. 
If, however, the cement contains too much lime oi* magnesia or is not 
burned sufficiently, or contains an exf^essive amount of sulpliate, a rela- 
tively large expansion may occur, which ca.us(*.s cracks to afipear in the 
concrete after an interval ol' \\ oeks or moritlis. The (cement is then said 
to be unsound. 

To detect unsourulness in a reasonable time in the laboratory, an 
accelerated test which 


liastens tlie hydration reac- 
tions must be employed. 
A number of such ac- 
celerated tests are used, 
the one prescribed by tlie 
British Standard Speci- 
fications being that known 
as the Le Chatelicr test. 

In this test the cement 
paste (gauged to the same 
consistency as for the deter- 
mination of setting time) 
is contained in a flexible 
(cylinder of thin brass, 
length and diameter 1*18 
in., which is split to allow 
it to give to the expansion 
of the cement. Two needles 
6*5 in. long attached to the 
cylinder on either side of 
the split magnify the ex- 
pansion. 

A small piece of glass 
covers one end of the 
cylinder while it is filled 
with the cement paste, and 
another piece of glass is 
then placed over the 
opposite end, where it is 




Fig . 43. — Appabatus for Le Chatelieb 

SOUNDNESS TEST 

Showing mould and heating bath. 
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kept in position by a small weight while the whole is immersed in 
water for twenty-four honrs. 

The distance between the indicator needles is then measured, and the 
mould replaced in the water. The latter is then brought to the boil and 
kept boiling for three hours. If, after cooling, the tips of the indicator 
needles have moved by more than 0*4 in., a fresh sample of cement powder 
must be aerated by exposure to the air for seven days and test^ in a 
similar way. In this ease the expansion must not exceed 0-2 in. 

Pat Tests for Soundness 

A pat test appears in the United States and several European specifica- 
tions. It provides a useful addition to the Le Chatelier test and requires 
no special apparatus. 

One gauges the cement into a stiffish plastic paste and fashions it into 
a circular j)at on a thin sheet of glass. The pat has a diameter of about 
3 in. and is | in. thick in the middle, tapering off to a tliin edge. After 
being stored in moist air for twenty-fom hours, the glass with its adhering 
pat is then boiled in water for three to five hours. Any unsoundness 
shows itself in the appearance of bending or distortion of the pat, or crack- 
ing or disintegration. Detachment of the pat from the glass plate does 
not indicate unsoundness. 

Determination of Normal Consistency 

The quantity of water required for gauging the cement for the tensile 
strength test, the soundness test, and the determination of setting time 
is arrived at in the following way. Cement gauged with this amount has 
what is called “normal consistency.” 

A special needle 1 cm. in diameter, fitted to the Vicat apparatus 
already described, is used to determine the consistency. Pastes with 
different proportions of water are made up until one is found which 
allows the needle to penetrate into it to a point 5-7 mm. from the bottom 
of the mould. The time between the addition of water to the cement and 
the filling of the mould must not be less than three minutes or more than 
five minutes, or three minutes for a quick-setting cement. Seventy- 
eight per cent, of the quantity of water so found is the amount to be used 
for the setting time and soundness tests. 

For the preparation of the sand cement briquettes for the tensile- 
strength tests, however, less water must be used, in order to give an earth- 
moist consistency. The following formula gives the percentage of water 
to be used in making these briquettes ; 

JP + 2-60, 

where P is the percentage of water required to produce the above- 
mentioned normal consistency. 
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Tests on Portland Blast-furnace Cement 

A special British Standard Specification (No. 146) deals with Portland 
blast-furnace cements. In this type of cement the proportion of slag 
must not exceed 65 per cent., or the proportion of cement be less than 
35 per cent. 

The mixture of cement and slag, and the Portland cement part of the 
mixture, must pass the same mechanical tests as ordinary Portland 
cements, but there are one or two differences in the limits permitted in the 
chemical composition. 


Tests on Concrete 


A few years ago a special Committee of the Building Research Board 
prepared recommendations concerning the quality of coruTOte in re- 
inforced concrete used in bniklings. This “ code of practice ” ^ is based 
upon the best modem methods in concrete worl?:, and may be regarded as 
a kind of unofficial standard specification. 


The code pro- 
vides that 6-in. 
concrete cubes shall 
be prepared for 
testing {a) in the 
laboratory, and (h) 
on the works site. 
As more careful 
control is possible 
in the former so- 
called “ prelimin- 
ary” tests, the 
minimum strengths 
specified are greater 



than in the works 
tests. 


Fig, 44. — Slump test for concrete 


In the preKminary tests, the water content of the mix must be as nearly 
as possible equal to that used In the actual work, but except in special 
circumstances must not be less than 30 per cent, by weight of the cement, 
plus 6 per cent, by weight of the aggregate. In the works tests, a sample 
of the wet concrete is taken for testing as it is being placed on the job. 

The moulds are of steel or cast iron, with accurately mac h ined faces 
and a flat leak-proof baseplate. The amount of ramming that the 
concrete receives in the mould in the preparation of the test cube depends 
on its consistency, as determined by a “ slump ” test described below. 
The concrete is placed in the mould in three layers ; each receives tliirty- 
five strokes of the bar if the “ slump ” is U in. or less ; or, for wetter 
mixtures, the number of strokes may be reduced to twenty-five. 


^ Report of Reinforced Concr^ Stnicturee Committee of BuUding Research Board, 
H.M, Stationery 0£6oe, M 
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In the laboratory tests the cubes must be stored for the first twexity- 
four hours at 58°-‘64° F. in an atmosphere of at least 90 per cent, relative 
humidity, and then in water at the same temperature till required. Such 
strictly controlled conditions cannot be provided in the works tests ; 
in tliis case the cubes are stored for the first twenty -four hours under damp 
sacks, and then in damp sand on the site for at least three-quarters of 
the period prior to testing. The temperature during curing must not fall 
below 40^" F. 

The code of practice recommends the following minimum (uibe strength 
at twenty -eight days for various grades of concrete in a 1 : 2 : 4 (;ement- 
sand-gravel mixture by Amlume : 

Preliniinanj Tests, Works Tests, 
lb. per sq. in. Ih. per sq. in. 

OnJijiary-grado Conc'rote . . . 3,375 2,:J5() 

Mi^rli-gradc .... 4,275 2,850 

Spodal-gmde Conerrio . . . 4,7.50-- 5,980 2,850^-3,560 

(accordinpf to porniittod sln^sKos) 

There should be no difficulfy in obtaining these figures with concrete 
carefully made from good-quality cement. 

Simple Test for Concrete 

The consistency of the (concrete has an important effect on its 
strengtli, and on the amount of the work required to develop that 
strength. The slump test controls the consistency, and is useful, not only 
in connection with strength tests, but for maintaining the proper consis- 
tency in the concrete during fdacang. 

The slump is measured by filling a hollow truncated steel cone, 
dimensions 12 in. high by 8 in. diameter (bottom) by 4 in. diameter (top), 
with the concrete in four successive 3-in. layers. The cone has two handles 
and suitable foot ])ieces. Each layer is punned twenty-five times with 
a bullet-pointed rod ^ in. diameter and 2 ft. long. The steel cone is then 
immediately removed ; the extent to which tlie cone of concrete falls 
below its original height is called the slump. 

A slumjx of I -1 in. corresponds roughly with the water required for 
maximum strength development, but is usually too stiff for most con- 
structional work. The following table gives the recommended slumps for 
various classes of concrete, and the corresponding amount of water, 
expressed as a percentage of tliat required to produce a 1-in. slump. 

Maximum Slump Approximate Water 


]. Ma{?H Concroi e . 

{in inches) 

. 2 

required (per cent.) 
105 

2. Reinforced Concrete : 

(a) Thin Vortical Sections 

. 6 

125 

lb) Heavy Sections . 

. 2 

105 

(c) Thin Confined Horizontal Sections 8 

150 

3. Roads and Pavements : 

(a) Hand -finished 

. 4 

107 

{h) Machine-finished . 

. 1 

100 

Ic) Mortar for Floor Finish 

2 

105 



Chapter V 

FUEL AND GAS TESTING 

T he riBing cost of fuel and labour has drawn attention to many 
aspects of economical fuel consumption that have hitlierto been 
neglected even in fairly large concerns, and more attention is being 
given to problems affecting economic efficiency than ever before. 
Unfortunately, the thermal efficiency of fuel consumption and combustion 
can only be arrived at in a very roundabout manner, and this is probably 
the reason why so many fuebconsuming plants are being run at a cost 
well above what could be reasonably expected. 

The most useful data upon which to assess the efficiency of fuel 
burning in steam-generating and other plants are the figures representing 
the calorific value of the fuel and the percentages of carbon dioxide and 
carbon monoxide in the waste gases. To obtain the former with great 
accuracy calls for considerable expert experience and expensive instru- 
ments, but extremely useful results can be obtained by any intelligent 
person sufficiently interested in the subject to give the matter a little 
time and consideration, and no matter wdicthcr the fuel consumer or 
the owner of a steam-generating plant adopts fuel and gas analysis or 
not, it is most desirable that he should be acquainted with the reasons 
for such analyses and the methods that can }>e adopted to obtain satis- 
factory and consistent results. 

Fuel and the Calorimeter 

The calorific value of a fuel is the quantity of heat a unit w^eight will 
give out when it is completely bmmt and the products of combustion 
are cooled to the original temperature. This is usually expressed in 
British Thermal Units per lb., and may vary between 10,000 and 15,000 
B.Th.U. in the case of coal. 

To obtain the calorific value a calorimeter is used in which a prepared 
sample of the fuel is burned in a vessel containing water, and the 
comparison of the original and final temperatures of the water gives the 
calorific value. Many types of calorimeters are in use, one of the simplest 
and least expensive being the “ Ronald Wild ’’ bomb type illustrated 
in Fig. 1. This consists of a combustion chamber with a screwed cap 
suspended from a cover by a tube furnished with a valve. The water 
vessel is of plated copper and is surrounded by an outer casing, the 
annular space between the two vessels forming an air jacket which pre- 
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vents radiation and 
absorption. An 
agitating paddle is 
provided for work- 
ing in the water 
space and is ma- 
nipulated from the 
outside of the cover. 
A Fahrenheit ther- 
mometer graduated 
40° to 100° is pro- 
vided, the scale be- 
ing divided into 
tenths of a degree 
for easy reading to 
one-twentieth of a 
degree. 

Operation of Calori- 
meter 

The operation 
of the calorimeter 
is as follows : the 
sample of coal to 
be tested is care- 
fully ground to pass 
through a sixty- 
mesh sieve or 
smaller and dried in 
an air oven at about 
220° P. for one 
hour or until com- 
pletely dry. Of 
the sample O' 73 
gramme is weighed, 
mixed with 12 to 


14 grammes of so^um peroxide, and transferred to the combustion 
chamber and the cap firmly secured. Water equivalent to 1,000 c.c. 
less the certified water value of the calorimeter is poured into the water 
vessel. The conabustion chamber is placed in the water vessel, and the 
thermometer inserted in the hole in the cover. The paddle is then 
agitated and the temperature of the water taken. A small piece of 
red-hot nickel wire is dropped down, the hole communicating with the 
combustion chamber and the ball valve closed'. The paddle is kept ih 
motion for four to five minutes and the maximum temperature of the 
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water taken. The difference between the initial temperature and the 
final temperature multiplied by 1,000 is the gross calorific value of the 
fuel in British Thermal Units per lb. 

Example . — Initial temperature, ShS" ; final temperature, GS-? ’, 
then (63-7 — 51-6) X 1,000 = 12,200 B.Th.U. Evaporative power, 
12,200 -f- 970-7 == 12-5 lb. from and at 212° F. 

Gross and Net Calorific Value 

The gross or higher calorific value of a fuel includes the heat evolved 
in the formation and condensation of steam from fi’ee and hygroscopic 
moisture and from the moisture formed by the combustion of hydrogen. 
In the calorimeter all the steam loses its latent heat and the moisture 
its sensible heat to the initial temperature of 60° F. Higher calorific 
value is given as “ dry ” and “ as received.” The latter is usually taken 
as the standard. 

Net or lower calorific value tabes into account the free and hygroscopic 
moisture and also the moisture due to the combustion of hydrogen by 
subtraction. A determination of net calorific value calls for an ultimate 
analysis of the fuel, although the hydrogen content is often based upon 
the percentage of volatile matter in the fuel, the latent heat being taken 
as 1,056 B.Th.U. per lb. 


CALORIFIC VALUE OF SOLID FUELS 


Fuel 

Gross Calorific Valm 
per lb. 

Fuel 

Gross Calorific Value 
per lb. 


Dry 

As received 


Dry 

As received 


B/ThM. 

B,Th.U, 


B.Th.U. 

B.Th.U. 

Straw 

6,000 

6,000 

Coke 

12,800 

12,400 

Oak bark 

6,000 

4,000 

Coke breeze 

11,000 

10,000 

Wood, dry 

8,000 

6,000 

Midlands coal . 

12,600 

11,500 

Charcoal . 

13,000 

12,000 

Welsh smokeless 

14,400 

14,200 

Peat, air dried . 

9,000 

7,000 

Anthracite 

14,800 

14,600 


Proximate Analysis 

A proximate analysis in addition to a determination of calorific value 
fishes the percentages of moisture, volatile matter, fixed carbon, and ash 
in the fuel. 

Ultimate' Analysis 

Ah ultimate analysis in addition to the above determines the hydrogen, 
nitrogen, sulphur, and oxygen contents. 

Fuel analyses, particularly the ultimate, axe complicated and to be 
of value require to be carried out by an experienced chemist. For those 
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interested, a small book published under the authority of H.M, Stationery 
Office by Messrs. Harrison & Son, 44 St. Martin’s Lane, VV.C,2, at 9d., 
and entitled Methods of Analyses of Coal, (^an be recommended. 

Gas Testing 

In order to ascertain the loss of heat in the waste gases of combustion 
with great accuracy it is necessary to know the t^omposition of the fuel, 
the w^eight of waste gases per lb. of fuel, and the initial and final tempera- 
tures. For most practical purposes the efficiency of combustion can be 
based upon the percentage of carbon dioxide in the gases and the final 
temperature. A simple formula for calculating heat losses is : 

(/ -- 75) 2-6 (CO. + 0-75) 
where i is the final temperatoe. 

As an example, let the gas temj^erature be 500^ F. and the COo 7 per 
cent. Then (500 -- 75) 2-0 (7 + 0-75) =- 21 per cent. loss. 

If the percentage of OO 2 can be raised from 7 to 12 per cent. l)y careful 
attention to air sui^ply and combustion conditions, tlie heat loss IxM'omcs : 

(500 - 75) 2-0 (12 + 0-75) 12-8 per cent., 

or a gain of 21 — 12-8 --■= 8*2 per cent. 

In practice, with the small plant, the percentage is seldom greater 
than 12 per cent, and should not drop miu^h below 10 per cent. The 
percentage of carbon monoxide can be ascjertained by means of the 
Orsat apparatus, but it is usually neglected as unlikely to be present 
with normal CO 2 readings. 

The Orsat Gas-testing Apparatus 

The Orsat apparatus is simple in use and with constant practice gives 
the highest degree of accuracy. Tlie price is so low that it brings it 
within reach of the small fuel consumer, and while it is not so convenient 
as the fully automatic indicator or recorder, it can be strongly recom- 
mended for use in plants wdiere the much more expensive automatic 
apparatus would be difficult to justify. 

The complete apparatus can be obtained with two, three, or four 
absorption vessels, the type most frequently used being illustrated in 
Fig. 2, This is known as the “ Orsat-Fischer,” and consists of a case 
with a sliding back and front and containing a stopcock tube with four 
stopcocks ; a graduated burette with jacket ; absorption U tubes ; 
rubber bellows ; and absorption U tubes with copper spirals for cuprous 
cliloride solution. 

The measuring tube (^) contains from zero mark at the bottom to 
the upper capillary end exactly 100 c.c., but its graduation in i c.c. only 
extends to 40 c.c. and ceases where the tube is enlarged. In order to 
protect the gas which is contained in this burette from the influences of 
the changes in temperature externally, the tube is surrounded by a 
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water jacket, closed 
at the top and bottom 
by india-rubber 
stoppers and pro- 
vided with a white 
b a c k g r o u n d of 
oi)a(jue glass upon 
which the black 
divisions of the 
burette are plainly 
visible. The bottom 
of the burette is con- 
nec^ted by a rubber 
tube with a level 
bottle (B) filled two- 
thirds with water ; 
the top end is con- 
nected to a glass 
(‘.aj)illary (^4) bent at 
right angles and end- 
ing ill a three-way 
cock. This tube is 
protected against 
breaking by a wooden 
frame, and cames at 

a right angle three 2.-The “Or«at-Fis( ’HKR ” 0AS-TEHT1N« APPARATtlS 

taps h', h", h"', each 

provided with a capillary tube and connected by india-rubber joints with 
the three U-shaped absorption vessels C, C”, C"', filled with bundles 
of glass tubes. The first of these is filled with a solution of caustic 
potash, the second with an alkaline solution of parogallol, the third 
with a concentrated solution of cuprous chloride in hydrochloric acid. 
In order to keejr this solution in an unchanged state it is left in constant 
contact with copper spirals, introduced into the glass tubes with which 
the vessel C" is filled. 

The absorption vessels are filled with water slightly more than half-way 
up, and this is drawn up to the mark made in the capillary neck by opening 
the connecting tap and running off the water contained in the burette {A), 
for which purpose the levelling bottle {B) must be lowered. In order 
to protect the absorbing solutions against action of the air, the outer ends 
of the vessels are closed by small balls of thin rubber. 

Manipulation 

To obtain a sample of gas a length of iron or copper tube is inserted 
into the flue of the boiler with the inlet end as near as possible in the 
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centre of the gas flow. This tube is then connected to the testing apparatus 
and a sample of the gas is drawn into the sampling tube either by means 
of a rubber bellows or a small hand-pump. The procedure is then as 
follows. Raise the level bottle {B), open the tap, and allow the burette 
(A) to fill with water up to the capillary part. Now aspirate the gas 
by lowering the level bottle and turning the tap through 90®. Run off 
the water a little below the zero mark and close the tap, compress the 
gas by raising the level bottle till the water rises above zero, squeeze 
the connecting rubber tube close to the joint, and then, after lowering 
the level bottle, allow the excess of water to run out to zero by cautiously 
loosening the rubber tube. Last of all, the tap is opened for an instant 
in order to produce a pressure equal to the atmosphere, whereupon 
exactly 100 c.c. of gas will be confined within the burette. 

Now the absorption begins, first that of the carbon dioxide by con- 
veying the gas into the U tube C\ This is done by raising the level 
bottle and at the same time opening the tap h\ The absorption is 
hastened by causing the gas to travel several times from C' to A and 
back, alternately lowering and raising the level bottle, leaving the tap 
Ifi* open all the time. At last the level of the liquid in (7' is adjusted to 
the mark, and the tap hf is closed. Now the reading can be taken, after 
raising the level bottle till its contents are at the same level as the water 
within the burette. The decrease in volume indicates directly the 
percentage by volume of carbon dioxide. In exactly the same way the 
oxygen is absorbed in C" and the carbon monoxide in C'", the unabsorbed 
residue representing nitrogen. 


Percentage of Heat Looses in Waste Oases with 
Variom Percentages of CO^ 

00^ 

Per 

CenL 

T emperature of Waste Oases y Degrees Fahr, 

400 ® 

500 ® 

600 ® 

700 ® 

800 ® 

12 

9-8 

12*8 

15*8 

18*8 

21*8 

11 

10'6 

13 5 

17 1 

20*4 

23*7 

10 

11*9 

15*2 

187 

22*3 

25*8 

9 

12-8 

16-7 

20*7 

24-6 

28*6 

8 

14*2 

18*6 

23*0 

27*4 

31*6 

7 

161 

210 

26*0 

310 

35-9 

6 

18-5 

24*2 

29*0 

35*6 

41*3 

5 

21-8 

28-4 

35 * 1 

41*8 i 

1 48*8 

1 


Excess Air 

If it were possible to consume ordinary bituminous coal with the 
maximum efficiency by using the minimum theoretical quantity of air 
required to support combustion, the proportion of carbon dioxide 
appearing in the waste gases would be approximately 18*5 per cent* 
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In practice this is found to be impossible, but the nearer this figure is 
approached, in the absence of carbon monoxide, the better the combustion 
conditions and the higher the efficiency. 

To find the percentage of excess air, knowing the amount of CO^ in 
the waste gases, let 18-5 per cent, be the theoretical 00^ and 7 per cent, 
the actual, then : 

18-6 7 

100 X — = per cent. 

If the actual COj, can be increased from 7 to 12 per cent., the per- 

18-5 - 12 

centage of excess air will be reduced to 100 X — 54 per cent., 
a difference of 164 — 64 = 110 per cent. 

Notes on the “ Ronald Wild ” Calorimeter 

It is essential that the interior of the crucible and its contents should 
be absolutely dry, and that the screAving up of the crucible to its cover 
should render it perfectly sound against the entry of water when submerged. 
Otherwise the presence of moisture in the crucible may generate a greater 
pressure than the apparatus wdU withstand. 

Sodium Peroxide . — This should be of high grade, though chemically 
pure compound is not essential. More important is its physical state, 
which should be in powder form to make an intimate mixture with the 
fuel sample. The stock of peroxide should be kept in an airtight con- 
tainer and opening and closing the container should be done as quickly 
as possible. Absorption of water vapour and COj from the atmosphere 
vitiates the activity of the sodium peroxide and leads to difficulty in 
firing. 

When the fuel contains a large amount of ash it is sometimes difficult 
to ignite when mixed with the normal amount of sodium peroxide, and 
this has to be reduced in quantity. For example, with 10 per cent, ash 
13 grammes is a good proportion, 16 per cent, ash 12 grammes, 20 per 
cent, ash 11 grammes, and 26 per cent, ash 10 grammes, the object 
being to have the sodium peroxide from sixteen to twenty times the weight 
of the combustible part of the fuel. 

Electrical Firing . — ^This can take the place of the red-hot nickel wire, 
and is done from a 4-volt accumulator of about 6 amps, continuous, 
with a fuse of the wire provided with the instrument. Coke, being less 
inflammable than coal, is more difficult to ignite, and a thicker wire 
should be used, so as to retain its heat for a longer time. 

The Results obtained from fuel samples containing an appreciable 
percentage of hydrogen will be low on account of the thermal reactions 
of hydrogen, willi soffium peroxide being less than those of carbon. For 
this reason the weight of sample to give direct reading of calorific 
values should be corrected for hydrogen content according to a table 
::|pivided.'.; 
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Notes on the Orsat Apparatus 

The apparatus should 1x5 kept (dean and tlie joints air-tight. 

Absorbent solutions must be renewed when they become weak. 

The water in the apparatus should be saturated with carbon dioxide 
before a test is takeui. 

Samples of gas can be drawn into collecting jars and the test carried 
out at a convenient time away from the gas chamber or the apparatus 
may be connected directly to the sampling tube of the gas chamber. 

If the former method is adopted, it is important that representative 
samples should be obtained under various working conditions. 

Consistent and reliable results will only be obtained by regular and 
constant use. 



Chapter VI 

TESTING LUBRICATING AND FUEL 
. OILS 

T he rapid progress made in many phases of engineering develop- 
ment in recent times is due in no small part to the improvement made 
in lubrication and fuel oils during the past few years. The efficiency 
and reliability of the modern Diesel engine, the Aero engine, and the 
steam turbine, to mention only three examples, are largely the result 
of a better understanding of the principles involved in this connection. 
The wide range of oils available to-day is the result of a vast amount of 
work carried out by the combined activities of petroleum technologists, 
chemists, and engineers. 

The Properties of Oils 

When an oil is selected for any given purpose, the properties of the 
oil, such as its density, viscosity, flash point, oiliness, etc., have to be 
chosen to suit the conditions imder which the oil is to be used. Apparatus 
has been designed to test these various properties, and it is the purpose 
of this article to "put before the reader a representative selection of such 
apparatus, the method of using it in the testing of oils, and an outline 
of the general properties required for certain purposes. 

Sources of Oils 

Oils may be (1) animal ; (2) vegetable ; or (3) mineral. Examples 
of animal oils are : lard, sperm oil, tallow, etc. The fht or oil is extra,cted 
from the body of the animal or fish under pressure by steam. Vegetable 
oils include olive, castor, palm, colza, linseed, etc. These oils are removed 
from the seeds by either a pressing process or by means of solvents. 
The mineral oils which fonn by far the largest quantities used are derived 
firom petroleum sources and are separated by distillation. 

Many of the animal and vegetable oils are unsuitable for lubricating 
purposes, as they are subject to gumming or rapid oxidation. These 
axe largely used for painting oils, where the drying and thickening 
properties are of value. 

Compounded oils consist of blends of mineral oils with small quantities 
of animal or vegetable oils. 

ir-r-7 
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How an Oil Lubricates 

The question is sometimes asked, ‘'Why is a lubricant 
necessary ? ” This question will be dealt with briefly 
before going into the matter of the actual testing. If two 
dry metal surfoces are rubbed together there is friction 
between them. If the surfaces are very rough, this 
friction is high, due to the projections of the surfaces 
rubbing over each' other. 

It miglit }ye thought that if the surfaces are 
polished, friction will thus be eliminated. In practice, 
liowever, it is observed tljat, if the surfaces are given 
a very higli polish, the friction becomes much greater, 
due to the attraction between the particles wliich arc 
pressed together. This attraction is so great that the 
{)articles “seize " or become practically welded together. 
Tims when seizure takes place it does >so because the 
two surfac^es are so close together that no air or grease separates them. 

The pui’pose of a lubricating oil is to keep the surfaces apart by form- 
ing an oil film between them and thus ])revcnting actual metallic contact. 
So long as this condition is maintained, the surfac^es cannot seize. When 
the film between the surfaces is unbroken, the frictional resistance is due 
to the fluid friction of the oil j)articlcs, and the “ thicker “ the oil the 
greater is this fluid friction. The pressure forcing the surfaces together 
tends to squeeze out the oil film from betw^cen them, and the “ thimier ” 
the oil tlie more easily is f Ids done. The oil therefore should be “ thick ” 
enough to prevent the film being broken, but not “ thick ” enough to 
cause excessive fluid friction. If movement betwx'en the surfaces ceases, 
the oil is squeezed out, as it is tlie relative movement of the surfaces 
wdiich sets up and maintains the oil film. Thus the bearing pressure and 
speed have to be taken into account w^hen selecting a lubricant. 

The friction in a bearing generates heat and thus causes the tempera- 
ture of the bearing and lubricant to rise. This rise in temperature 
causes the oil to become “ thinner,'’ and care must be taken to ensure 
that the oil is thick enough at tlie wwking temperature to prevent 
lupture of the film. 

Oils working in high temperatures, like steam cylinder oils, which are 
used in conjunction with superheated steam, are very “ thick ” at normal 
room temperature, whereas refrigerator oils, which work at low tem- 
perature, are very “ thin ” at normal temperatures. 

Testing of Oils 

The object of testing oils may either to determine the suitability 
of an oil for a given purpose or to sec if the oil conforms to necessary 
specification. 

An obvious method of testing an oil is to subject it to the exact 
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conditions under which it will work in practice and carefully note its 
behaviour over a long period. A short test of this description may be 
very misleading. 

The usual tests carried out are as follows : 


Specific Gravity 

The specific gravity is equal to the ratio of the weight of a given 
volume of oil to the weight of the same volume of water. 

Therefore Sp. Or. = . 

^ Weight of same volume of water 

The standard temperature at which this test shall be made is b()° F. 

The specific gravity may be determined by using a specific gravity 
bottle (Fig. 1) or a hydrometer. 

The method of using the specific gravity bottle is as follows. The 
bottle is carefully (deaned and driecl and then weighed. It is then 
filled with distilled water, care being taken to see tliat it is completely 
full, and again weighed. The diiferenee between the weighings gives 
the weight of water. The bottle is then emptied of“ water, dried, and 
filled with the oil. This is then weighed. Again the weight of oil is 
found by difference. Since the same volume of oil and water have been 

weighed, the specific gravity of tlie oil is - — * 

® . v^eight of water 

The hydrometer consists of a glass float weighted at the lower end with 
a graduated scale at the upper end. This instrument is placed in the oil 
and the specific gravity is read on the scale at the level of the oil. 

The lower the specific gravity of the oil, the lower will the hydrometer 
sink in the liquid. Kets of 
hydrometers are usually sup- 
plied in cases as shown in 
Fig. 2. Each hydrometer in 
the set deals with a fairty small 
range of densities, the nine 
hydrometers shown in the 
illustration CO ver specific 
gravities from 0*650 to MOO 
with a range of 0*05 each. 

Heating an oil causes it to 
expand, therefore to become 
less dense and to have a lower 
specific gravity, while cooling 
has the opposite effect. If it is 
not convenient to test the oil , 

at 60“ F., the specific gravity f'-’; “ 

may be corrected by adding or ^ wide range of densities. 
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subtracting 0-00035 according to whether the test temperature is above 
or below 60° F. For example, if the specific gravity of a certain oil at 
100° F. is 0-8800, then at 60° F. its specific gravity will be 0-880 + (100 
X 0-00035) = 0-880 -f 0-035 == 0-915. 

If two oils with different specific gravities are mixed, the specific 
gravity of the mixture can be calculated from 

- . PI 


When Sm is the specific gravity of the mixture 
SI „ „ „ „ ' „ No. 1 oil 



Fig. 8. — U<TUBE visco- 

M&TBE 


S2 ,, ,, ,, ,, No. 2 ,, 

Fl „ „volum6 of No. 1 oil 
F2 „ „ „ „No. 2„ 

The specific gravity of lubricating oils varies 
from about 0-86, and of fuels from 0-65 approxi- 
mately to 1-0. 



Fig. 4. — ^Thb Rbdwood visoo- 
METUa 


Viscosity 

Viscosity is the 
name given to the 
“body” or “thick- 
ness ” of a liquid. 
The importance of 
this property has 
already been men- 
tioned. The instru- 
ment for determining 
this property is called 
a viscometer. A 
U-tube viscometer is 
shown in Fig. 3. A 
given volume of oil 
is plaoed in the bulb 
A down the tube T, 
and this is sucked up 
the small capillary 
tube E. The oil-level 
is adjusted to the 
point R and the oil is 
then allowed to flow- 
back through the 
capillary tuhe under 
its own head. Ihe 
time for the oil-levei' 
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to fall from B to C is taken, and from 
this time the viscosity is calculated. 

The Redwood viscometer is the 
instrument used commercially in 
Britain (Fig. 4). It consists of a 
cylindrical vessel with an agate jet in 
the centre of the base which is closed 
by a ball valve. Surrounding the oil 
vessel is a jacket in which water or oil 
can be placed for maintaining a constant 
temperature. A copper tube closed at 
the lower end projects from the side of 
this jacket and a Bunsen burner may 
be applied to heat the contents and 
to keep the temperature constant. 

Thermometers are fixed in the oil vessel 
and the jacket. An agitator is used to 
mix the liquid in the jacket to ensure 
even temperatures. 

The method of carrying out the 
test is as follows. Oil at the required 
temperature is poured into the vessel to the height of a hook gauge 
inside. The temperature is checked and the ball valve is lifted, allowing 
the oil to flow through the jet into the glass vessel placed below. This 
vessel has a oapacitj'^ of 55 c.c., and the time is taken for that quantity 
of oil to flow through the jet, the time in seconds giving the viscosity of 
the oil in “ Seconds Redwood.” 

For very “ thick ” oils this test would take a long time, and a simUar 
apparatus with a larger jet, called a No. 2 Redwood viscometer, is used, 
the time of flow using this instrument being one-tenth the time of the No. 1 
instrument with the same oil. 

The Engler viscometer is used on the Continent, and the Say bolt 
viscometer is used in America. These are similar in principle to the 
Redwood, the only difference being in their dimensions. 

We have previously seen that the viscosity of an oil depends on its 
temperature. The temperatures at which the standard test is carried out 
are usually taken as 70° F., 100° F., 140° F., 200° F., but higher or lower 
temperatures may be used for special oils. 

Graphs may be plotted showing the variation of viscosity with tem- 
perature. Fig. 6 shows two such curves plotted on the same base. At 
low temperatures the oil A is very viscous. The viscosity of this oil, 
however, falls rapidly with rise of temperature, so that at high tem- 
perature it is very “ thin.” The oil B, however, shows a much smaller 
change of viscosity over the ^ame temperature range. At temperature P 
both oils have the same viscosity. This variation of viscosity with 



Fig. r>,~- Showing the variation of 

VISCOSITY WITH TEMPERATUllE 


The vi8(‘08ity of the oil A falls 
rapidly with rise of temperature, but 
the oil B shows a much smaller 
t'haiigo of viscosity over tho same 
ternjxjraturo range. 
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temperature is of ijU])ortaiice when dealing with oils for internal-com- 
bustion engines. To give easy starting-up from cold, to ensure rapid 
distribution of oil to the various parts, and to minimise fluid friction a 
low-viscosity oil is used, while to ensure that the oil film remains un- 
broken under working conditions of high temperature and pressure and 
to prevent leakage, care must be taken to select an oil with a fairly 
“ flat ” curve. Tlie lubricating oil in an engine may suffer dilution due 
to mixing with the fuel oil, and this “ thinning ” during running must be 
allowed for. 

Flash Point 

When an oil is heated it gives off vapour, and as the temperature 
rises the rate at which vapour is given off increases. When the vapour is 
given off in sufficient quantities, it can be ignited by applying a small flame 

near the surface of the oil. 

The lowest temperature at 
which this ‘‘ flash ” occurs is 
called the flash point. If the 
oil is heated in a closed vessel 
the vai)our cannot get away 
as it is formed, whereas if 
heating takes place in an open 
vessel the vapour can escape. 
Thus the “ closed flash point ” 
is low^er than the “ open flash 
])oint.” For lubricating oils 
the oj)en flash point is from 
F. to 40° F. higher than 
the closed flash point. 

The Pensky-Martens 
apparatus is used for oils with 
flash points above 120° F. 
Fig. 6 illustrates this apparatus. 

It consists of an oil cup 
fitted with stirrers for the oil 
and vapour; A line inside the 
cup indicates the level to 
which the cup must be filled 
with the oil. The cup is 
surrounded by an air bath, 
which is heated from below by 
means of a gas or oil burner 
or by electricity. A cover 

Fig . — The Pensky-Martens ai^pabatus fob 
FINDING FLASH POINT OF OILS ABOVE i2o® F. slidiug shutter, wfiich cau be 
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opened to apply the .small test 
flame. A thermometer ])a8scs 
through the cover into the oil 
cup. 

The closed flash point is 
found by heating the oil in the 
cup so that the tempeiature 
rises between lU and 1 F. 
per minute. Tlic stirrer is 
turned at sixty revolutions 
per minute. The test flame 
is applied at intervals of 2'" F. 
rise I ill temperature below 
220° F. and at int/crvals of 5° F. 
above 220^' P. A note is made 
of the temperature at which a 
distinct flash is seen on tlie 
surface of the oil wlieii the 
test flame is applied. 

"Jhe open flash point may 
be found by removing the cover 
and stirrer and fixing the test 
flame and tlie thermometer by 
means of a clip on the edge of 
the oil cup. Heating is at the 
same rate as before, and the 
temperature at whicli the first 
flash occurs is the open flasli 
point. 

The Fire Point or Fire Test 

The fire point is found 
by heating the oil to a higher 
temperature until it continues 
to burn for five seconds. 

The Abd apparatus is used 
instead of the Pensky-Martens 



Fi(J, 7.— ThK AllKiL Al’l'AHATlJS IT, SET) IN.STl'TAD OF 
THE PeNSICY-MaHTENS FOK OILS WlTJl FLASH 
rOlKTS UK LOW 120® F. 


for oils with flash points below 120° F., such as some fuel oils. Fig. 7 
illustrates the instrument, showing some of the internal parts, 

... Fuels like petrol have very low flash points, and these tests are often 


performed to satisfy legal requirements regarding oil storage. 

If two oils having Afferent flash points are mixed, the flash point 


of the resulting mixture may be found from F — 


CWIFI + TF2F2. 
CWl +1F2 


Where Wl and W2 are the respective weights of the oils 1 and 2, Fl and 
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F2 are their respective flash points and C 
is a constant which varies with the oils mixed, 
being about 0*9 for Russian and 0*4 for 
American oils. 

Volatility 

The readiness with which an oil loses 
weight by evaporation is its volatility. A 
fuel oil should be fairly volatile so that it is 
readily converted into vapour, but lubricating 
oils should normally have a low volatility. 

To carry out the test a standard quantity 
of oil is placed in a standard vessel and heated 
at 100® F. for a definite time. The oil 
remaining is weighed and the loss of weight 
expressed as a percentage of the original 
quantity gives the volatility. 

Cloud Point ; Pour Point 

It has been poiiited out that as the tem- 
perature of an oil falls it becomes “ thicker.’^ 

Fig. 8 illustrates the apparatus used. In 
the centre is the vessel containing the oil 
sample with a thermometer immersed in the 
oil. The outer vessel forms a jacket which 
contains a cooling mixture. 




Fig. 8 . — for trst- 

INO CLOUD AND POUR POINTS 
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As the oil oools, it 
reaches a tempera- 
tiire where it becomes 
cloudy, due to the 
crystallising of small 
solid particfes. This 
temperature is the 
Cloud Point. On 
further cooling, the 
oil reaches a temperar 
ture when it only just 
flows when the vessel 
is tilted. This is the 
Pour Point. 

Cold Test Setting 
Point 

At some tempera- 
tures below the pour 
point the oil ceases 
to flow altogether. 
This is known as the 
Setting Point. A U- 
tube of the form given 
in Fig. 9 is usually 
used for this test. It 



is surrounded by a 
fizzing mixture, con- 
sisting of ice and 


Fig. 10. — CONRADSON CARBON R3C- 
SJDUK TEST APPARATUS 


salt, or, for very low temperatures, alcohol and 


solidified carbon dioxide. 


Carbon Residue Test 

This test determines the amount of “ coke ” or 
carbon residue left when an oil is completely 
evaporated. The Conradson apparatus is shoMm in 
Kg. 10. The sample is heated in a porcelain crucible 
which is enclosed in a larger iron crucible fitted with a 
lid containing a small hole. This crucible rests on sand 



Fig. 11. — ^FiiAsk 

USED FO» SLCDOE 
TEST 


.contamed in a still larger crucible, which is placed in a sheet-iron 
ttiuffle. Heat is applied &om below until all the vapour has been driven 
off, The weight of carbon remaining per 100 parts by weight of the 
original oil is the carbon residue number. This test is of some im- 


pcwtance in oils for internal-combustion engines, as the carbon may be 
deported in the engine cylinder. 





Fi ( J , 12. — Api'aratus thed for emitlsificatton test 

Sludging and Oxidation 

In splash -lubricated engines or machines the oil is churned up and 
the oxygen in the air tends to combine with the oil. This oxidation may 
decompose some of the oil and form a ‘‘ sludge/’ which 'may be harmful 
to the engine. Fig. 11 shows the flask used for this tost. The oil in the 
flask is maintained at 302® F. for forty-five hours and a current of air is 
bubbled through the heated oil. The sludge produced is then carefully 
measured. 

Demulsification Number 

When an oil is churned up with steam or water it tends to form an 
emulsion. This is objectionable in steam turbines and engines, and an 
oil must be selected which resists this emulsification. The method of 
testing for this property is to thoroughly mix given quantities of oij 
and water and to measure the time for them to separate when allowed to 
stand. The apparjatus is illustrated in Fig. 12. 

Twenty c.c. of oil are placed in a graduated test tube. This is placed 
in the emulsifying bath (A), which contains 3 litres of water. The steam 
generator {B) is connected to the test tube by means of glass and rubber 
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tubing with a cork as shown. 
Thermometers D and F give 
the temperature in the tost 
tube and bath. A separating 
bath Ai') also containing 
3 litres of water is connected 
to the steam flask in the same 
way. The water in is 
brought .to 200"^’ to 203° F. 
and maintained at that tem- 
perature. The water in A at 
the commencement of the test 
is 67° F. Steam is admitted 
into the oil so that the oil is 
heated to 190° to 195° F. The 
steam flow is then adjusted to 
maintain this temperature. 
The steam condenses on meet- 
ing the oil and emuLsification 
is continued until 40 c.c, of oil 
and water are contained in 
the test tube, the time being 
taken. The steam pipe is 
then removed and the test 
tube transferred to the separat- 
ing bath (^i). The time in 
half-minutes is then taken 
until 20 c.c. of oil have 
separated. This gives the 
demulsiflcation number. A 
good oil should separate in 
less than five minutes. 

The property of emulsifi- 
cation is, of course, desirable 
in some oils, such as are used 
for “ cutting compounds.” 
These “ soluble oils ” are 
mixed with water to form the 
emulsion used on machine tools 
for cooling the tool and metal, 
washing away chips, pro- 
ducing a smooth finish, and 
protecting the finished work 
from surface corrosion and 
rusting. Rich mixtures of 



Fig, 13. — ymcTiON machine for testing the 

EFFICTENCY OF RUBRICATING OILS 

{Sir W, H, Bailey d? Oo., Ltd,) 
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aiiin^al or vegetable 
oils with mineral 
oils are usually used 
for this purpose. 

Colour 

The colour of 
oils varies from 
pale yellow to red, 
brown, and almost 
black. This colour 
may be judged by 
transmitted or re 
fleeted light, that is, 
by light passing 
through the oil or 
reflected from its 
surface. The colour 
test by itself is of 
small value, but it 
may help to dis- 
tinguish between 
similar oils. 

The colom- test 
is done in a 
tintometer, which 
matches oils by 
means of standard 
coloms consisting 
of coloured slides. 

Mechanical Testing 
When the effici- 

Fi^. 14.— Skction OS' “ TsTORsToisr ” rBicnou maohine ency of a lubricat- 

{Svr w. u. Baiky <fc Co., Ltd.) jjig oil is required, 

mechanical tests on 

friction machines have to be carried out. The ordinary type of testing 
machine is designed to determine the behaviour of a lubricant introduced 
between a shaft and bearing. The property known as oiliness is ve^ 
important in lubricants. This property is of great importance in 
heavily loaded low-speed bearings. In such cases the oil film may be 
squeezed out and a condition known as “ boundary lubrication ” be 
set up. 

A^mal and vegetable oils possess better lubricating properties than 
mineral oils under such conditions, and oils are blended to give the re- 
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quiied property. In the mechanical testing 
of lubricants, conditions under which the 
oil is to operate should be reproduced as 
far as possible. 

A well-known machine for such tests 
is the “Thurston,” made by Sir W. H. 
Bailey & Co., Ltd., Salford, and is 
illustrated in Figs. 13 and 14. This 
machine consists of a pendulum hung 
from a bearing .on a shaft rotated by 
means of a pulley. The bearing is clasped 
by two brasses, and the pressure applied 
by the spiral spring inside the pendulum 
is regulated by means of a milled screw 
head. The pressure per square inch and 
the total pressure are indicated on the 
index plates. When the shaft is rotated, 
the friction between it and the brasses 
causes the pendulum to deviate from the 
vertical and the “ coefficient of friction ” 
is determined from the angle of deviation. 
The temperature during the test is in- 
dicated by the thermometer above the 
bearing. A drum indicator can be fitted 
as in Fig. 13 to record any variation of 
coefficient of friction as the test proceeds. 

Calorific Value 

When a fuel oil is used, the calorific 
value must be known. This is the heating 
value of the oil and is expressed in Centi- 
grade Heat Units (C.H.U.) per lb. or 
British Thermal Units (B.Th.U.) per lb. 

The method of testing for calorific 



Fig, 16 . — Thb Griffin-Sutton 

BOMB CALOBIMJSTER {OHffin iSf 
T attack. Lid,) 


value is to burn a measured quantity 

of oil in a vessel called a calorimeter, the heat generated being absorbed 
by water surrounding the vessel. The temperature rise of the water 
is measured, and since the quantity of water is known, the heat 
generated by the combustion of the fuel may be determined. 

Several types of calorimeter may be used for this test, the “ bomb ” 
type being commonly used. Fig. 16 illustrates the Griffin-Sutton bomb 
calorimeter. It consists of a thick-walled steel vessel with gas-tight 
joints at S and A small quantity of fud is weighed in the crucible 
(B) and a short- length of fuse wire (W) is fixed to a pair of terminals, the 
fuse wire touching the fuel. The bomb is assembled and a charge of 
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oxygen is passed into it through the valve (T) from an oxygen cylinder 
until the pressure in the bomb is about thirty atmospheres, the valve 
then being closed. A lifting handle is then screwed to the bomb and, is 
used to insert the bomb into a water calorimeter. This is a larger vessel 
containing a weighed quantity of water, in which the bomb is immersed. 
Spring contacts for the electrical ignition are contained in the base and 
are shown in Fig. L5. When everything is ready, an electric current is 
passed through the fuse wire which ignites the fuel in the presence of the 
oxygen. The temperature rise of the water i.s measured by means of a 
very sensitive thermometer. Allowance must be made in the calculation 
for the water equivalent of the apparatus and for any loss of heat due to 
radiation. 

If w is the weight of fuel burnt in lb. ; IF the weight of water, including 
the water e(}uivalent of the apparatus, in lb. ; I. the temperature rise of 
the water with no heat hxss in ’’F., then the calorific value of the fuel is 
given by 

C.V. - ^ ^ B.Th.U. per lb. 

w ^ 

Illustrations of test apparatus have kindly teen supplied by Messrs. 
Griffin & Tatlock, Ltd., A. Gallenkamp & Go., Ltd., and Sir W. H. 
Bailey & Co., Ltd. 
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